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A shooter who hailed from Muskogee 
Inadvertently poisoned a dogie 

He let dynamite cases 

Blow around on the mesas 

And now his address is the pogie 


“DON’T leave explosives, empty cartridges, 
boxes, liners or other materials used in packing 
explosives lying around where children or 
unauthorized persons or livestock can get 

at them.” 


This is just one of the important ‘“sDO’S and 
DON’ TS” listed in our new case insert bulletin. 
Gives valuable tips on transporting, storing, 
drilling, loading, shooting and disposal, 

plus instructions on how to make a primer. 
Write Atlas for your free copy today ... or look 
for it in each case of Atlas explosives. 


For best results and best readings, always 
use Atlas explosives and Staticmaster electric 
blasting caps. Ask your distributor about 
PETROGEL® and PETRONITE®. 


ATLAS EXPLOSIVES 
FOR SEISMIC PROSPECTING 


Atlas Powder Company, Wilmington 99, Delaware 
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AMERICAN PAULIN SYSTEM 


MICRO 
SURVEYING ALTIMETER 
Intervals as close as ONE FOOT 


Models available in all ranges. 
ENGLISH or METRIC. 


Designed for rugged 
field use under all 
climatic conditions. 


Price in U.S.A. 
WRITE FOR be : MICRO MODELS $300 
DESCRIPTIVE CATALOG BETT ER ALTIMETER : A TERRA MODELS $250 
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LOWER COST 
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SURVEYING 


BAROGRAPH 


MADE IN 


e CHART READING IMMEDIATELY 


AVAILABLE <> RECORDER 
EASILY READ 


e DEPENDABLE 
e LIGHT WEIGHT — EASILY PORTABLE 


PRICE IN U.S.A.: $790 complete 
READY FOR USE 


PAULIN SYSTEM 


1524 SOUTH FLOWER STREET © LOS ANGELES 15, CALIFORNIA, U.S.A. 
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Dusk-to-dawn inspections by teams of maintenance specialists 
keep these birds at peak efficiency for the next day’s flying 


AS SOON AS THEIR WHIRLYBIRDS come 
home for the night, teams of Petroleum Heli- 
copters’ skilled technicians go into action inspect- 
ing and, in general, checking the myriad of me- 
chanical elements that must be in perfect working 
condition to keep the ’copters at their flying best. 

Backed by factory training and outfitted with 
special tools and equipment, the Petroleum Heli- 
copters’ corps of mechanical craftsmen have de- 
veloped production line maintenance facilities to 
service the company’s entire Gulf of Mexico fleet. 
They have made a science of servicing both Bell 
and Sikorsky helicopters. 


Specialists all—mechanics, their helpers and 
parts men—they work around the clock as highly 
organized units whose sole purpose is to carry out 
the Petroleum Helicopters policy of sending each 
Bell and Sikorsky machine into the air at peak 
operating efficiency. For seven years now they have 
made a tradition of providing superior air trans- 
portation for the companies their rotorcraft serve. 


No finer flying equipment is servicing the oil 
and gas industry anywhere in the world today. 


EXPLORATION « DRILLING PRODUCTION 


PETROLEUM HELICOPTERS, INC. 
NEW ORLEANS and LAFAYETTE, LOUISIANA 


BOEAWER 2250 CHPEAVETTE 
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THE WORLD'S LEADING MANUFACTURER OF SURVEYING ALTIMETERS 


8 Different Sets of 

CENTURY Seismic 
eOOT second Duplication in over 
1000 common Shot Holes 


The entire Central area of Kansas has been 
seismographed by eight different crews using 
Century equipment. Over 1000 of the shot holes 
were common to two or more Century recording 
trucks. In each instance, when duplicate times 
were checked, the accuracy was within .001 of 


a second. 
; This is just one more example of the accuracy 
given upon request inherent in Century Seismic Equipment. 


| GEOPHYSICAL CORPORATION 
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Loading ‘‘Nitramon’’S... 


Into the land—for oil! 


““NITRAMON “®$—Safest blasting agent ever 
made, it cannot be detonated by flame, shock, 
rifle bullets or standard blasting caps. It is shot by 
means of a ‘“‘Nitramon”’ S Primer, which is so in- 
sensitive that it has never exploded in hundreds of 
tests with .30 caliber rifle bullets. 


NEW DU PONT SEISMOGRAPH HI- VELOCITY 
GELATIN 60% — Retains all the desirable fea- 
tures of the old formula, but will shoot in deeper 
holes and withstand longer exposure under greater 
heads of water than ever before. It can be de- 
pended upon under the severest operating condi- 


tions and is available with or without Du Pont 
Fast Couplers. 


SEISMOGEL — An economical gelatin recom- 
mended for less severe water work, shallow holes 
and immediate firing. Also available with or with- 
out Fast Couplers. 


On land or offshore — wherever 
you work—you can depend on Du Pont 
Seismic Products for consistently excel- 
lent performance. For complete infor- 
mation on these products, or for tech- 
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Into the sea—for oil! 


“NITRAMON”®wWW — Specially designed for off- 
shore work, it is the safest blasting agent ever 
made, It cannot be detonated by commercial 
blasting caps, fire, sudden shock or even the im- 
pact of a rifle bullet. This economical blasting 
agent is available in 10, 1634, 25, 30, 40 and 50- 
pound units, 


nical assistance on any shooting prob- 
lem, speak to the Du Pont representa- 
tive in your area, or write: E. |. du Pont 
de Nemours & Co. (Inc.), Explosives 
Department, Wilmington 98, Del. 


E 


WATER WORK PRIMER—Specially waterproofed 
charge used to prime “Nitramon” WW. It is rela- 
tively insensitive and should be detonated with 


SSS ELECTRIC BLASTING CAPS — Outsell nearest 
competitors by more than 2 to 1. SSS Caps have 
everything needed for offshore or land work: ‘ac- 
curacy... dependability . .. static resistance. They 
are packaged to suit your convenience with duplex 
or two single wires . .. spool-wound or a figure-8 
fold... lengths up to 300 feet. And a new nylon 
plastic insulation allows all-weather use without 
danger of softening or cracking. 


REG. U.S. PAT.OFF. 


« THROUGH CHEMISTRY 
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PANHANDLE BLDG. 


TEXAS SEISMOGRAPH CO. 


WICHITA FALLS, TEXAS 


An easily read, clearly illustrated text on 


Modern Geophysical Techniques 


FOR OIL, URANIUM AND OTHER MINERALS _. 


EXPLORATION 


by J. J. Jakosky, Sc. D. 


In 1200 pages and with 707 
illustrations, the 1950 revised 
Exploration Geophysics 
covers the entire field of 
exploration by modern geo- 
physical methods. It is con- 
cisely and clearly written by 
an internationally known geo- 
physicist, in close collabora- 
tion with 39 other leading 
authorities. 


condition and your money will 


GEOPHYSICS 


Thirteen fact-packed chapters 
fully cover all contemporary 
methods; plus permit, trespass 
and insurance problems. A 
basic textbook for every 
geologist, geophysicist, engi- 
neer and physicist concerned 
with exploration, well logging 
and production. Adopted by 
many leading universities. 


Send your money order or check for $12.50 for a copy of Exploration Geophysics on ! 
5-day approval. If you are not fully satisfied, merely return the book in its original ! 


be promptly refunded. 


TRISA PUBLISHING COMPANY, TRIJA BUILDING, LOS ANGELES 24, CALIFORNIA 
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from formation to location 


SS 


maeeraring oil is a problem for 
specialists and interpreting seismic 
data is an important phase of this 
work, 

Oklahoma offers this 
interpretive skill developed from 10 
years of seismograph interpretations 
in Oklahoma, Texas, Louisiana, Arkansas, 
Mississippi, Alabama, and Kansas. 

_ Crews available for contracts by 
the day or by the month, 


Offices 
1120 N. Kickapoo St. 
Shawnee, Oklahoma 


r. 
John D° Storm 
Delbert F. Smith 
G. D. Gibson 
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Essential tool in any airborne survey for oil 
or minerals. Complementary to the airborne 
Magnetometer, Electromagnetic Detector 
and Scintillation Counter. Used by geolo- 
gists in the field who—with surveyors, geo- 
physicists and engineers—work in close liai- 
son with Huntings airborne teams. A re- 
minder that Huntings are equipped to 
undertake your geophysical survey as a 
whole, from preliminary planning to the 
presentation of interpreted results. 


HUNTING GEOPHYSICS LIMITED 
Airborne Geophysical Surveyors 
4 ALBEMARLE STREET e LONDON W.1 
Head Office and Laboratories: 


6 ELSTREE WAY, BOREHAM WOOD, HERTS. 
Cables: ‘HUNTMAG’ LONDON 


Representative in the U.S.A 


LORD PENTLAND anmice.. amMiee. 
57 PARK AVENUE NEW YORK 16 
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CONFIDENTIAL 


Order Today 


FROM 


A metal cabinet map file—with 
locking doors. 112 tilting tubes. 
Easy to file and find maps, 
tracings to 60”. 


PATENT NO. 1610368. Other Patents Pending. 


SCOTT-RICE COMPANY 


610 S. Main Tulsa 3, Okla. 


For Safe, Efficient, 
Economical Drilling 


Specify 


SPANG 


CABLE TOOLS 
“The Higher Standard” 


Spang Cable Tools 
stand out as the top 
performers in their 
field for: 


@ Shot Hole Drilling 


© Geological 
Exploration 


2 


@ Petroleum 
Production 

@ All types of Cable 
and Churn Tool 
Drilling 


Try Spang today! 
CABLE 


SPANG 


SPANG & COMPANY, BUTLER, PA. 


For Sale by Dealers Everywhere 
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Specially designed equip- 
ment from SIE’s Metal Fabri- 
cating Division serves the 
geophysical industry all over 
the world in every type of 
field operation. From huge 
self-powered marine-cable 
reels, to sturdy light weight 
recording trucks, these prod- 
ucts have earned an unchal- 
lenged reputation for dura- 
bility. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


METAL FABRICATING DIVISION 
2825 POST OAK ROAD « HOUSTON, TEXAS 
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service to 
GEOPHYSICISTS 


anywhere 
in the world 


IINTERNATIONAL 


The one truly interna- 
tional organization with 
world-wide sales and service 
from its offices and 
affiliates. 


Pai Exclusive non-domestic 
representatives for Electro- 
Tech seismic instruments 
and equipment .. . 
quality products known 


throughout the industry. 


England 


HOUSTON 1 
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OWNER-SUPERVISED GEOPHYSICAL SURVEYS 
SEISMIC REINTERPRETATION 


PETROLEUM GEOPHYSICAL CO. 


620 19th St. ¢ Denver 2, Colorado 


Milt Collum Jim Divelbiss Wes Morgan 
Denver, Colorado 1012 Continental Life Bldg. Denver, Colorado 
Ft. Worth, Texas 
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for WORDEN portability. 


In the conquest of K-2, the Worden Gravity 
Meter, manufactured exclusively by HTL, again 
proved dependable and accurate. The Italian Al- 
pine Club which scaled K-2 (Mount Godwin 
Austen in Pakistan) in July, 1954, used a Worden 
Gravity Meter for accurate gravity observations. 
In one of the world’s most daring mountain ex- 
peditions, the choice of the Worden meter was 
a natural one because of its small compact size, 
its reliability and ruggedness. 


Internally compensated for temperature changes, 
the easy-to-carry Worden Meter requires no ex- 
ternal power source or other cumbersome acces- 
sories. Its sealed, quartz spring system also makes 
it unnecessary to compensate for barometric 
changes. 


Write for Bulletin GM-201 covering the standard meter, 
or Bulletin GM-202 describing the geodetic model. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
3701 BUFFALO SPEEDWAY + HOUSTON 6. TEXAS * CABLE: HOULAB 
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For fast, thorough large area surveys, 
use the 


2-CYCLE 
refraction 
‘system 
especially designed for refraction work by HTL 


The new Houston Technical Laboratories VLF (very low 
frequency) seismic refraction system is especially useful in 
areas unworkable with the reflection method. The VLF re- 
fraction system can be used in petroleum exploration, min- 
ing surveys, civil engineering, and ground water location 
and is capable of covering large areas quickly. 


With excellent frequency response down to one cycle on 
the amplifiers and to two cycles on the seismometers, the 
VIF refraction system is exceptionally versatile in applica- 
tion. A combination of high cut filters provides a frequency 
cut-off range from 8 cps to 48 cps — low enough for good 
refraction work at extremely long ranges, yet high enough 
for all applications except those at extremely small ranges. 


Excellent first breaks have been received at a distance of 
five miles using only a five pound charge. 


Portability of the new VLF system is achieved through 
compact design of the 12-channel amplifier unit which 
measures 1644 x 16% x 814 inches and weighs only 42 
pounds. Two output signals from each amplifier channel 
are recorded on a standard HTL RS-8 recording oscillo- 
graph, with paper speed adjustable from 7 to 16 inches per 


For detailed information about the new VLF 
seismic refraction system, write for Bulletin 
No. $-308. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
3701 BUFFALO SPEEDWAY * HOUSTON 6. TEXAS + CABLE: HOULAB 
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Plug Valves 


Let help you 
KEEP DOWN DRILLING COSTS 


One-Piece 
Slim Hole Slips 


Super Service Liners 


Fluid End Pistons 


IS Silda 
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- 
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Super-Service Valves Monarch Valves : 
Centrifugal Pamps 
Vothing but the finest BOX 4209 HOUSTON, TEXAS 
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_ Export Office: 30 Rockefeller Plaza, New York 
wilh béorthe MOMAL In Englond, 
MISSION MANUFACTURING CO., LTD. 
17 Hanover Square @ London, W.1 England 
Gable Address — “Missoman” 


And gravity, when properly 
interpreted, can give you a Clear, 
fast picture of underlying geology. 
New techniques in gravity work, 
and magnetic work as well, 

are constantly being applied by 
GMxX crews, both on land and sea, 
in their search for oil—a search that 
has been carried on continuously 
since GMX entered geophysical 
exploration in 1925. 


Gravity Meter Exploration Co. 
Esperson Building, Houston 
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GEOPHYSICS 


ANTARCTIC RESEARCH IN CONNECTION WITH THE 
INTERNATIONAL GEOPHYSICAL YEAR* 


HARRY WEXLER? 


ABSTRACT 


During 1957-58 a dozen nations will establish thirty-five geophysical stations in Antarctica. 
Thus, this continent, whose area is larger than that of the United States and Mexico combined, will 
be the subject of concentrated, coordinated geophysical exploration, to a degree not dreamed possible 
a few years ago. For the first time geophysical stations will be established away from the coasts, 
deep in the interior of the continent. Scientists from the various nations will cooperate in exploring 
the temperatures, winds and electrical properties of an atmosphere cut off from sunlight for many 
months. The thickness of the ice will be surveyed and examined for indications of increase or decrease 
of its volume over the years, to see if Antarctic climate is changing. The Aurora Australis will be 
photographed and compared with its Northern Hemisphere counterpart, the Aurora Borealis. In- 
tensive measurements will be made of geomagnetism, cosmic rays, airglow, and the ionosphere in an 
attempt to throw light on the physics of the high atmosphere. 


In early November of 1956 a group of 95 geophysicists will depart from the 
United States for a scientific exploration of the Antarctic. These scientists will 
perform measurements and surveys in a coordinated effort of unprecedented 
magnitude, the International Geophysical Year of 1957-58. Fifty-five nations 
have expressed a willingness to participate in this great enterprise. Eleven of 
these nations will join in the assault on the geophysical secrets of Antarctica, 
the fifth largest continent—whose topography is less known than that of the 
visible surface of the moon. Approximately 39 observing stations are planned on 
the Antarctic continent, with additional stations in the sub-Antarctic. During 
periods of maximum activity, the population of Antarctica—an area usually 
uninhabited—will rise to five or six thousand. All details of the operations of 
some of the countries are not available; but perhaps 50 ships, and as many air- 
craft, may be assigned to Antarctic operations, and the number of motor-driven 
vehicles may reach two hundred or more. 


* Invited paper presented before the Ninth Annual Midwestern Meeting of the Society in Ft. 
Worth, Texas, March 8, 1956. Manuscript received by the Editor April 16, 1956. 

+ Director of Meteorological Research, U.S. Weather Bureau, Washington, D. C. Chief Scientist, 
U. S.—IGY Antarctic Program. 
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All this activity will appear strange in a continent which was first seen by 
man in 1820, and whose interior was first explored in the period 1898 to 1916 
by such giants as Amundsen, Scott, and Shackleton. The modern phase of ex- 
ploration began with the first Byrd Expedition of 1928 and since that date many 
nations have landed expeditions using more modern surface vehicles and air- 
craft. Valuable meteorological and other geophysical observations have been 
taken at scattered stations over the years but not in sufficient detail to do more 
than to reveal the existence of puzzling geophysical features, such as the un- 
usually persistent low barometric pressure observed in the Little America area— 
about one inch of mercury below that found elsewhere in the world. 

The new effort with marked emphasis on the geophysics of the Antarctic 
is to take place during the period from July 1, 1957 to December 31, 1958 when 
the world’s geophysicists will make a coordinated, concentrated study aimed at 
a better understanding of the earth and its star, the sun. Although the most 
ambitious program in international scientific cooperation ever attempted, the 
IGY is not the first venture of its kind. In 1882-83, and 50 years later, in 1932- 
33, there were the First and Second International Polar Years in which several 
nations cooperated to explore the atmosphere of the Arctic. The historical ac- 
counts contain unbelievable stories of peril and hardship; but the resulting con- 
tributions to our knowledge of Arctic meteorology, geomagnetism, and the 
aurora are still referred to today. As an example of the value of such effort, the 
ionospheric information alone acquired during the Second Polar Year is esti- 
mated to have contributed information worth 1o billion dollars to the field of 
radio communications. 

During the coming International Year, the adjective ‘‘Geophysical” is sub- 
stituted for “Polar” because of the emphasis on the study of the earth as a whole. 
Scientists will work in these fields: 


Aurora and airglow Latitude and longitude 

Cosmic rays Meteorology 

Earth satellite program Oceanography 

Geomagnetism Rocket exploration of the upper atmosphere 
Glaciology Seismology 

Gravity Solar activity 


Ionospheric physics 


Emphasis is being given to filling gaps in global networks and establishing 
several meridional lines of stations from Pole to Pole. There will also be both 
World Days and World Meteorological Intervals at times of unusual solar and 
geophysical interest. A warning service will alert all fields by broadcasting to the 
world the onset or presence of solar flares, magnetic storms, ionospheric fade- 
outs, etc., so that observers can proceed with pre-arranged studies of a more 
concentrated type than are carried out even during an International Geophysical 
Year. 
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The scheduling of the third International Year, coming 25 instead of 50 
years after the second, was influenced by the anticipated increase in solar activity, 
as characterized by sunspots, expected during 1957-58 and by the rapid advances 
in instrumental techniques and research vehicle development such as is found in 
present day observations with balloons, aircraft, and rockets. 

Such a global undertaking, coming along only once every generation or two, 
requires careful planning and coordination to get the most out of the observa- 
tions. In the present case planning started shortly after the idea was suggested 
by a group of American geophysicists in early 1950. Three large international 
congresses have already been held, together with several smaller specialized 
ones, to formulate plans, to coordinate efforts, and to exchange information. 
The 43 nations which have announced definite programs will spend close to 
$250,000,000 on the program. 

Two planning conferences for the Antarctic phase of the IGY, held in Paris 
last July and in Brussels in September were attended by representatives of the 
United States, the USSR, Great Britain, France, Norway, Australia, New 
Zealand, Argentina, Chile, the Union of South Africa, and Japan. Spain may 
also join in the undertaking. The meetings were held in an atmosphere of good 
will, with attention focused on the scientific programs and the location of the 
proposed stations. Some of the nations willingly transferred their planned sta- 
tions to new sites to fill large gaps in the observing network, and all nations 
agreed to exchange freely all information on logistics and scientific matters. 

In Fig. 1 the proposed station locations are shown on a map of Antarctica. 
The seven U. S. stations, identified by stars, cover one-half of the continent from 
the Weddell Sea westward to Marie Byrd Land, Little America, the Ross Sea, 
and the Knox Coast. One of these stations, Cape Adare, will be operated jointly 
by New Zealand and the U.S. New Zealand will also havea station at McMurdo 
Sound at which most of the scientific measurements in that area will be taken. 
The U. S. will have a nearby air support facility to furnish air lift to and from 
Antarctica and aid in the establishment of the U. S. scientific station at the 
geographic South Pole. 

Stations proposed by other nations are also shown. The USSR plans three 
stations, one at the Knox Coast to the west of the U. S. base, and two inland— 
one at the South Geomagnetic Pole and the third in the center of the continent, 
known as the Pole of Inaccessibility. A few months ago our planes flew over this 
territory and found a high snow-covered plateau, perhaps 13,000 feet in 
altitude. 

The French station at Adelie Land between the Cape Adare and the U. S. 
Knox stations will have a satellite station a few hundred miles inland, near the 
South Magnetic Pole. The Australians have had their Mawson station established 
on the coast of Enderby Land for two years and have recently made a recon- 
naissance to open up a new station at Vestfold Hills, a few hundred miles to the 
east. 
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The Japanese will enter actively into Antarctic work for the first time since 
1912 when Lieutenant Choku Shirase discovered Kainan and Okuma Bays. 
Kainan Bay is now used asa harbor to supply the present U. S., Little America V 
station located three miles to the south. The Japanese have volunteered to fill 
an important gap on the Prince Harald Coast between Mawson and the Nor- 
wegian Station to be located near Maudheim, site of the joint Norwegian-British- 
Swedish Expedition of 1949-52. On the Weddell Sea the Argentines, British, and 


ariamric 


octan 


Fic. 1. Planned U. S. and foreign Antarctic Stations and glaciological traverses. 


Americans will each havea station. The U. S. will attempt to penetrate far west, 
to the foot of the Palmer Peninsula, if ice conditions permit. 

The Palmer Peninsula already has a dense network of stations, established by 
Argentina, Chile, and Great Britain; but most of these emphasize surface me- 
teorological observations. 

At the U. S. stations there will be scientific programs in meteorology, aurora 
and airglow, ionospheric physics, geomagnetism, cosmic rays, seismology, 
gravity measurements, and glaciology, carried out under the over-all direction 
of Dr. L. M. Gould, Chairman of the USNC-IGY Antarctic Committee and 
Second-in-Command of the 1928-30 Byrd Expedition. Rear Admiral Richard 
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E. Byrd is in over-all charge of the Department of Defense supporting activity 
and Rear Admiral George Dufek is the Commander of Task Force 43, which is 
charged with the detailed expeditionary and logistics tasks. 

The US-IGY Antarctic Program really started in November 1954 when the 
USS ATKA, an ice-breaker just back from the Arctic, left on a mission to re- 
connoiter possible bases for the later expeditions. They found that the ice forming 
the famous Bay of Whales, harbor for the previous U. S. expeditions had broken 
off, necessitating the choice of Kainan Bay for further mooring and unloading 
operations. In addition to this reconnaissance work, so necessary for the later 
establishment of the IGY base, scientists aboard the ATKA performed valuable 
experiments in cosmic rays, oceanography, meteorology, and ionospheric physics. 
For example, the cosmic ray measurements on the ATKA showed that above 
the atmosphere the earth’s magnetic field is tilted from the magnetic equator 
more than was formerly believed. The measurements of carbon dioxide in the 
Antarctic air showed values much lower than those measured during the U. S. 
1939-41 Expedition. Ionospheric measurements were attempted to confirm 


theories regarding ‘‘whistlers,’’ an audio frequency radio disturbance which is 


initiated by a lightning flash and which is propagated along a magnetic line of 
force several thousand miles outside the earth’s atmosphere and back to earth 
in the opposite polar hemisphere. 

The main bulk of the building construction material, living supplies, and 
scientific equipment was shipped last November as part of the Navy operation 
known as DEEPFREEZE I. Over 9,000 tons of cargo valued in excess of 
$10,000,000 was unloaded under difficult circumstances at Kainan Bay and at 


Hut Point in McMurdo Sound. The thin-skinned cargo ships in several instances 
could not safely penetrate the ice and had to transfer their cargo to the sturdier 
ice-breakers to avoid damage. Then transfer was made to hugh tractor-pulled 
sledges for movement to the camp sites. The cargo included material not only 
for the Little America V and the McMurdo Sound stations but also for the 
Byrd Land and South Pole stations. The Byrd Land Station will be established 
by tractor trains. More than half of the route to this station, which passes 
through some heavily crevassed areas, was surveyed by a trail party with 
caterpillar-treaded vehicles before operations ceased in early February. The 
South Pole Station will be established by air lift using USAF planes to drop the 
supplies and in some cases to land on the 9,000 foot high polar plateau, if landing 
conditions are satisfactory. These two stations are especially valuable because 
permanent, or semi-permanent, stations have never been situated so far inland 
from the Coast, that is, more than 200 miles. Of all the other nations only the 
USSR will follow the initiative of the United States in this respect. 

The location for the Byrd Land Station at 80° S. and 120° W. was chosen 
because previous scanty meteorological observations dating back to the Scott 
Expedition of 1912, indicated that this point is near the source of rather mysteri- 
ous barometric pressure waves and surges which apparently radiate outwards 
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like waves in a pond after a stone has been thrown in. These waves are thought 
by some meteorologists to affect the weather in the Southern Hemisphere and 
perhaps in the Northern Hemisphere. Also, the auroral zone is believed to pass 
over this location. 

The South Pole Station was chosen for the prime purpose of observing the 
behavior of an atmosphere cut off from sunlight for the better part of six months. 
Since the ionosphere owes its existence to solar ultraviolet rays it will be fascinat- 
ing to see if a normal ionosphere is found in the winter darkness over the South 
Pole. 

Unusually low atmospheric temperatures, dropping to perhaps —120°F. at 
the surface have no counterpart at the North Pole where the air acquires heat 
by conduction through the ice pack from the warm ocean beneath. The sharp 
distinction between troposphere and stratosphere found elsewhere probably 
vanishes in the Antarctic night since the temperature of the lower atmosphere 
can drop to values nearly as low as those found in the stratosphere. Illustrating 
this, Fig. 2 shows winter and summer vertical temperature profiles made at 
Maudheim by the Norwegian-British-Swedish expedition five years ago (Schu- 
macher, 1955). 

All of the Antarctic stations will have self-tracking radiosonde equipment to 
obtain upper winds along with temperature, pressure, and humidity data. 
Balloons with radiosondes will be launched twice daily and many of the soundings 
are expected to reach 100,000 feet. In addition to the usual meteorological obser- 
vations made at a surface station there will be measurements of heat flux, solar 
radiation, surface albedo, and of total ozone. There will also be specialized equip- 
ment such as the infrared hygrometer for recording humidity under very cold 
conditions. 

During the IGY and for the first time in the Antarctic, there will be sufficient 
meteorological stations to permit the drawing of a surface weather map based 
on actual observations. More exciting yet is the probability that upper air charts 
can be prepared from the reports of the stations in the Antarctic network. At the 
request of the International Geophysical Year Committee, the United States has 
agreed to assume the responsibility for an Antarctic Weather Central at the main 
IGY camp at Little America V to collect and relay observations from all stations 
including those of other nations, and to prepare weather analyses and forecasts 
for all Antarctic operations as required. 

Because of the interest of meteorologists, glaciologists, and oceanographers in 
the chemical constituents of the air, the ice, and the ocean water, steps are being 
taken to establish a small chemical laboratory at Little America with a geo- 
chemist working full-time. Such a chemist would make measurements of oxygen, 
carbon dioxide, surface ozone, and water vapor. If it is possible to install and 
operate such equipment as a small mass spectrometer then he would also measure 
isotope ratios of gases such as oxygen. 

All Antarctic stations will observe the mysterious Aurora Australis to see if 
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Fic. 2. Selected temperature soundings from Maudheim, Queen Maud Land, Antarctica. Vertical 
scale is atmospheric pressure in millibars. Bottom scale is temperature in degrees Centigrade; full 
lines refer to the upper temperature scale; dashed lines to the lower temperature scale. Dotted line 


is a dry adiabat (after Schumacher (1955)). 
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these bright streamers and luminous waving curtains occur simultaneously with 
its Northern Hemisphere counterpart—the Aurora Borealis. Both auroral systems 
are formed by atoms and electrons streaming from the sun, converging toward 
the earth’s magnetic poles and exciting the gases in the atmosphere. The more 
subdued optical effect caused by solar radiation called the airglow will also be 
studied during the long winter night. 

Before closing this discussion of the IGY Antarctic program, I would like to 
give an account of a subject which you, as members of a profession which 
relies so heavily on seismic techniques, should find most interesting. I refer to the 
glaciological program planned for study of Antarctic ice. Glaciers now cover 10 
percent, or 6,000,000 square miles of the earth’s land area. The Antarctic Ice Sheet 
accounts for 86 percent of this glacial area, and the Greenland Ice Cap for another 
10 percent. The estimates of the volume of water entrapped in the world’s glaciers 
range from 6.3 to 8.7 million cubic miles. If all this ice were melted, it would raise 
the level of the oceans by 140 to 200 feet, even after allowance is made for iso- 
static adjustments. 

The degree of uncertainty in the above figures is due largely to ignorance of 
the volume of ice in Antarctica. The amount of ice is estimated by seismic 
soundings of ice depth along various lines such as shown in Fig. 3, which gives the 
route of the main seismic journey out of Maudheim from October 1951 to January 
1952. Ice thickness measurements were made under direction of the British 
physicist G. de Q. Robin (Robin, 1953), using six seismometers normally spaced 
33 feet apart in line with and separated from the shot point by distances of 30 
to 600 feet depending on ice thickness. The shots consisted of TNT charges 
ranging from } to 13 pounds that were placed in hand-bored holes from 6 to 40 
feet deep. Amplifier band pass filters were normally set at go cycles per second. 
Corrections to ice depths to allow for slower velocities in the surface layers were 
based on shots fired at the bottom of a bore hole more than 300 feet deep at Maud- 
heim, and varied from about 60 to 130 feet. However, from independent checks 
elsewhere accuracy of 5 percent was claimed. The ice depths were determined 
by reflection of the longitudinal P wave travelling approximately 12,500 feet per 
second, the velocities determined in the field by refraction shooting techniques. 
The absolute height above sea-leve’ was determined by three aneroid barometers. 
The results are shown in Fig. 4 where vertical strokes above the horizontal dis- 
tance scale indicate points at which seismic soundings were made. 

The Ice Shelf thickness at Maudheim is about 610 feet, with more than a 
thousand feet of ocean beneath. Over islands, the ice forms into rounded hills 
principally by the mechanism of flow rather than because of the underlying relief. 
Going inland from 100 to 300 miles, the bottom relief changes to an alpine type 
covered by ice a mile thick. Snow collapses induced by the explosions interfered 
with accurate depth determinations farther inland and the relief is certainly much 
more rugged than that shown. The maximum ice depth found was 73 miles. If 
the equivalent of 10 inches of ice is precipitated per year on the inland plateau, 
then the age of the bottom ice would be over 10,000 years. 
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Fic. 3. The route of the main seismic journey out of Maudheim (after Robin (1952)). 


Pooling together the ice depth profiles from glaciological surveys made by the 
various nations during the IGY will enable a better estimate to be made of the 
amount of ice stored in the enormous Antarctic ice-house. Mr. A. P. Crary (who 
is well known to many of you) is organizing and will lead the U. S. Antarctic 
glaciologic-seismic-gravimetric program. The glaciological traverses planned by 
the United States are shown in Fig. 1. These journeys will be made during the 
brief Antarctic spring and early summer with the aid of snow tractors. Light 
aircraft will be used to guide the ground parties around heavily crevassed areas. 
In addition to seismic soundings, gravity measurements will also be made to 
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Fic. 4. The main seismic profile showing the ice and rock profiles along the route shown in Fig. 3. 
The vertical strokes above the distance scale indicate points at which seismic soundings were 
made (after Robin (1952)). 
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determine warping of the earth’s crust as a function of the growth or decline 
of the ice sheets. Particular attention will be paid to “nunataks,” or bare moun- | 
tain peaks that stick up above the ice, to see whether they show glacial scratches 
and lichens. The Norwegian-British-Swedish glaciologists found some ice- 
scratched nunataks with lichens extending to the present ice surface indicating 
that the ice level had not lowered within the past half century or so. 

If this result is typical of inland ice throughout Antarctica, this would be in 
surprising contradiction to the declining Arctic Ice Pack which in the past half 
century has diminished by 4o percent in thickness and by more than 12 percent 
in horizontal area. If it turns out that the two polar regions move oppositely in 
the growth or decline of their respective ice volumes, this will indeed give food 
for thought to those interested in explaining climatic changes. 

Antarctica holds exciting prospects for the exploration geophysicist. The 
continent was once warm, for it contains one of the largest coal reserves in the 
world—though that which has been found is of poor grade. Next to nothing is 
known of the useful minerals and oil there. Although we do not go to the Ant- 
arctic as prospectors, the IGY program will undoubtedly bring nearer the day 
when Antarctica will begin to yield its geological treasures. Who can say what 
the Antarctic will be like in the Age of the Atom with prospects of practically 
unlimited heat or energy for ships, aircraft, camps, or machines. 

The already tested techniques of the exploration geophysicist will be much in 
use during the IGY. However, the Antarctic offers new challenges. In particular 
we would like to obtain core samples from deep in the glacial ice and from the 
rock structure beneath. Consider, if you will, a drilling operation on packed snow, 
under frequent blizzard conditions at 40 below, to reach down through ice one 
or two miles thick and recover samples for studies of the crystal structure, foreign 
material such as pollen, volcanic ash, meteoric particles, and various isotopic 
components for age determination. There is still ample opportunity to fit this 
into our US-IGY program if some of you experts with your drilling rigs feel you 
can meet the challenge! Present plans call for drilling to only 1,000 feet. 

I come now to the end of this brief synopsis of Antarctic geophysical research 
planned during the IGY. The planning phase, combining the labor of dozens 
of scientists and logistic experts is over; the field phase will begin in November 
when the main U. S. scientific party of 95 volunteers departs for Antarctica. 
The placing of these highly trained men safely in the proper place at the proper 
time together with their sensitive equipment is a task which the Department of 
Defense, particularly the Navy, has assumed wholeheartedly and whose personnel 
deserve the gratitude of all of us connected with the IGY program. 
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SEISMIC WAVE PROPAGATION IN POROUS 
GRANULAR MEDIA* 


NORMAN R. PATERSON f 


ABSTRACT 


Theoretical and experimental studies have been made of the manner in which sound waves are 
propagated in porous granular aggregates. A cylindrical piezo-electric source is used and this simu- 
lates the explosion of a charge in a seismic shot-hole. 

It is found that in general two waves of volume expansion are propagated and that these in- 
volve coupled displacements of both constituents of the media. The waves are termed frame-waves, 
air-waves or liquid-waves depending upon the nature of the pore-filler and the relative displacements 
of the constituents. 

The frame-wave velocity is dependent upon the strength of the frame, the densities of solid and 
pore-filling materials and the texture of the medium. Air- and liquid-wave velocities are related 
to the texture of the medium and to the density and viscosity of the pore-filler. Frame-strength is 
important to a lesser degree. Waves are dispersive only in the case of media of very low permeability. 

Attenuation is related to viscosity, texture and frequency. Scattering is probably important only 
at the highest frequencies and largest particle diameters used in the experiments. 

It is shown that porosity and permeability of a beach sand can be inferred from velocity meas- 
vonnaats These properties provide information regarding grain-size, sorting and the nature of the 
pore-filler. 


INTRODUCTION 


The work described in this paper was carried out in an attempt to relate 
elastic wave-velocities in sedimentary formations to the physical and geological 
properties of the formations. 

The many uses of velocity information are described fully in the literature 
(e.g., Krumbein, 1951). The author (1954) describes some of these and dis- 
tinguishes three methods of studying velocities which are influenced by the par- 
ticular use to which the information is to be put. The methods may be described 
as analytical, statistical and theoretical. 

The analytical approach involves the measurement of velocities in samples of 
the actual geological formation. This may be done in the laboratory, or in the 
field by velocity logging. The method is that used by Birch, Bancroft, Zisman, 
Ide, Hughes, West, Richards and others. 

In the statistical approach, for which Faust’s work is notable, large numbers 
of field data are related on paper to the known geological parameters of the for- 
mations. Thus relations are established which allow prediction of velocity without 
knowing anything about the mechanism of propagation. 

The theoretical approach considers a simplified model of the formation and 
develops a theory for it. The theory is tested for the model and also for the 
formation. Suitable modifications of the model are then made. This process, 


* Paper presented orally at Eastern Regional Meeting of S.E.G., April 1955. 
Submitted in partial fulfillment of requirements for Ph.D. degree, University of Toronto, 
Canada. 
Manuscript received by the Editor November 29, 1955. 

f University of Toronto, Canada. 
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which is one of synthesis, was used by the author in the research described here. 
The following aspects of the work are summarized in this paper: 


(1) The theories applying to elastic wave propagation in porous granular 
media. 

2) The experimental technique adopted by the author. 

(3) The results of some experiments on un-consolidated quartz sands and 
glass beads, and comparison with the theory. 
The application to the problem of a beach sand. 

(5) Summary and conclusions. 


DEFINITIONS AND ASSUMPTIONS 


A “porous medium” defines a medium composed of two constituents, one 
solid, one liquid or gas. 

The “framework” or ‘“‘frame”’ is that part of a porous medium which would 
remain if the pore-filler were removed. It is the fabric of the medium. It has the 
spatial dimensions of the medium as a whole but the mass of the solid material. 

Porosity” is the ratio of the volume of the pore-filler to the total volume of 
the medium. 

The notation is similar to that of Gassman (1g950a). Superscripts /\, ~ and — 
apply to solid material, pore-filler and framework respectively. Symbols appear- 
ing without superscripts apply to the medium as a whole or are otherwise self- 
evident. 

The following symbols are defined: 


P=pressure in dynes/cm’. 
p=changes in pressure in dynes/cm’. 
p= vector changes in stress in dynes ‘cm’. 
s=vector displacement in cms. 
e= vector strain in cms/cm. 
p=density in gms /cm*. 
AK =bulk modulus in dynes /cm?. 
u=modulus of rigidity in dynes/cm’. 
v=Poisson’s ratio. 
M=“‘specific stiffness’? or ‘‘volume compression modulus” in dynes/cm? 
=K+4/3u 
C;;=elastic constants of anisotropic medium in dynes/cm’. 
c, = Wwave-speed in cms/sec. 
v=particle velocity or velocity of volume displacement, as defined in the 
text, in cms?/sec. 
n= porosity. 
7 = viscosity in poises. 
w=angular velocity in radians/sec. 
K=directional permeability in 
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Two assumptions are made in this paper and these may be shown to be valid 
for the conditions of the experiments. Firstly, the media are assumed to be 
homogeneous in the horizontal plane. Secondly, the wave-length is assumed to be 
large in comparison with the grain-size. The first ensures that the medium 
simulates a horizontally stratified earth. Through the second and by means of 
Rayleigh’s theory, we can ignore the effects of scattering. 


THEORY 


The wave-equations for the propagation of elastic waves in a solid medium 
may be derived through the substitution in the equations of motion of the 
medium relations between the stresses and the strains. 

Thus the equations of motion 

: 
div p = p— (1) 


upon substitution of Hooke’s law for an isotropic body 


6 
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yield the wave-equations 


0°70) 
= p — 
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where 6 represents the “cubical dilatation,” div s, and w the “rotation,” curl s. 

In employing this type of theory it is necessary to keep in mind two facts. 
Firstly, the p of equation (1) is the mass per unit volume of the medium accel- 
eraled by the stress p. Secondly, the C;; of equation (2) is the ratio of a stress to 
a corresponding strain. In a porous medium the following difficulties arise: 


(1) Inertia 


The degree of ‘‘coupling’”’ between the two constituents of the medium affects 
the inertia of the medium. In a strongly coupled medium both constituents are 
displaced in phase and the effective density is that of the medium as a whole; 


= pt np. (4) 
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In a weakly coupled medium the constituents do not move in phase. It is neces- 
sary to replace (1) by two equations expressing the motion of the two constituents 
under their appropriate stresses. 


(2) Viscosity 

A result of imperfect coupling is differential movement of the two constit- 
uents with the consequent appearance of a viscous force +oa(i—%), where a is 
a “specific flow resistance.” 


(3) Texture 

As a further result of imperfect coupling, the pore-filler is caused to flow 
through the pores of the medium. Since the direction of flow is generally differ- 
ent to that of the accelerating pressure-gradient, the inertia of the pore-filler is 
increased, the effective density become kp, where & is a ‘‘structure factor’’ de- 
pending upon the texture of the medium. 


(4) Elasticity 

The elastic constants of a porous medium are in general functions of the con- 
stants of both constituents and the framework. Gassman (1g950a) has shown 
that in a perfectly coupled (‘‘closed”’) isotropic medium, the elasticity is given by: 


~ K+Q 
=K =: 
K+0 
(5) 
K K-K 
Q ~ 
) 
For non-rigid media (M =o), (5) reduces to the Wood (1930) equation, 
I n Li 
K K K (6) 
together with 
(7) 


Gassman also treated the anisotropic medium and developed expressions for 
the C,; in terms of the C,;, K and n. 

In the imperfectly coupled system we have seen that two equations of motion 
are required, one for the frame and one for the pore-filler. The effective elasticity 
in this case will be affected by the relative displacement of the two constituents. 
Equation (6) is based on the fact that the volume displacement of the medium 
is the sum of the volume displacements of the constituents. This is not the case 
where the pore-filler is allowed to flow out of the pores. The Hooke’s law equa- 
tions (2) must now be replaced by: 


ig 
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6 
| Cis = + @ + 63) 
(8) 
— — + & + &) 


j=l 


where C;, is the contribution of each constituent to the elasticity of the other. 

Only in the completely decoupled system (Gassman’s “open” system) does 
C;=o. In this case, as may be seen from (8), the elasticities of the separate con- 
stitutents are unaffected by the presence of the other. 

It should be noted here that in all systems the effective elasticity is a func- 
tion of the elasticity of the frame. The evaluation of this quantity must precede 
the solution of the problem of the porous medium. Experimentally this may be 
done by direct measurement in vacuo if the pore-filler can be completely re- 
moved. Alternatively, a theoretical model may be devised to suit the medium 
and the elasticity calculated. Gassman (1950b) does this for a hexagonal friction- 
less packing of spheres. 

The following expressions for velocity are obtained by solution of wave- 
equations similar to (3). Three systems are considered. 


A. Perfect Coupling 


A single wave is propagated, with velocity 


an (9) 


where C;=C,(C,, K, n), (evaluated by Gassman, 1950a), and p is given by equa- 


tion (4). 
For the isotropic medium equation (9) reduces to: 


= 


wherein the K and yu are given by equation (5s). 
In the case of zero frame-strength equations (10) become: 


(10) 


K 
¢= 4/ (11) 
p 
where K is given by equation (6). 
Equations (9) and (10) were derived by Gassman (1950a) and applied to the 
problem of a water-filled sandstone. Equation (11) was used by Wood (1930) 
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and Chambré (1954) for non-rigid systems. Lester (1932) applied equation (11) 
to the problem of aerated surface layers of sand to explain the low velocity of 
seismic waves. It is doubtful if the model was suitable in this case, but it has 
been applied successfully to emulsions and suspensions. 


B. Zero Coupling 

Two waves are propagated, and these are called here the ‘‘air-wave”’ and the 
‘“‘frame-wave’’. The former should strictly be called the ‘‘pore-filler-wave,”’ but 
since the system is only approached when the pore-filler is extremely light and 
air is the constituent commonly used, the term “‘air-wave”’ is adopted here. 

The velocities are given by:— 


K 
air-wave: (12) 
kp 
i 
frame-wave: = (13) 
p 


In equation (12), which is the expression used by Ferrero and Sacerdoté 
(1951), & is the structure-factor referred to earlier in the paper. The expression 
allows for the evaluation of k through measurement of ¢ in porous air-filled sys- 
tems. 

Equation (13) is taken from Gassman (1950a). As in equations (9) and (10), 
the elasticity of the frame is involved. Gassman (1g950b) calculates the six elastic 
constants of a hexagonal packing of spheres and applies these to the problem of 
a sand formation held together by gravitational forces. The geological basis for 
this is the work of Graton and Fraser (1935) wherein it is shown that assemblages 
of equal-sized grains do tend to pack with transverse, and largely hexagonal, 
symmetry. It should be noted here that expression (13) allows for the evaluation 
of C; if the c; can be measured experimentally in an air-filled system. 

C. Imperfect Coupling 

The problem of the imperfectly coupled system is much more difficult. 

Biot (1955) has treated the anisotropic system by writing equations of motion 
for the frame and the pore-filler and combining these with the stress-strain equa- 
tions (8). While his expressions take into consideration the effects of relative dis- 
placement on the accelerating forces and the elasticity, they appear to disregard 
the effects referred to above as “Inertia” and “Texture.’’ Thus, the density that 
appears in the equation of motion of the framework is that of the entire medium. 
This is greater than that effective if the displacements are not completely coupled 
and leads to lower frame-wave velocities. The density used in the equations of 
motion for the pore-filler is that of the pore-filler alone. This should be modified 
to allow for the contribution of the frame. It should also allow for the effect of 
texture by means of a structure-factor as in equation (12) above. 
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Zwikker and Kosten (1949) treated the case of plane harmonic waves in an 
isotropic porous medium. Consideration was made of all the complicating fac- 
tors mentioned above and expressions were derived which appear to apply to a 
very wide range of media. 

Two dilatational waves result and these are termed the ‘“‘frame-wave” and 
the ‘‘air-wave”’ or the ‘‘frame-wave” and the “‘liquid-wave” depending upon the 
nature of the pore-filler. Both waves involve volume displacements in both con- 
stituents. The ratio of the displacement speeds serves as an indication of the 
roles played by the two constituents. 

In the air-filled system, the wave which has the highest ratio of air-wave 
speed to frame-wave speed is termed the ‘‘air-wave.’’ The other is termed the 
‘‘frame-wave.’’ The wave-velocities are found from the propagation constants of 
the waves. 

If 


(14) 


represents the propagation constant of a wave of frequency w, velocity c, and 
damping coefficient @, Yframe and Yair and hence Cframe ANd Cair May be obtained by 
solution of the following equation: 


— n) + S (1 — n)(K — Ph) 


nM nk MK n 
npp + (p + np)S 
where 
y/jw » (15) 
S = s/jw | 
s = jwnp(k — 1) + 
grad p 
c= (where @ is volume displacement velocity) 
Po = equilibrium air-pressure } 


The quantity s is termed the “coupling coefficient.”’ Multiplied by the rela- 
tive displacement velocity, it provides an additional force term in the equations 
of motion. The first term of the coupling coefficient allows for the effects of tex- 
ture and the partial contribution of one constituent to the inertia of the other. 
The second term provides the viscous force. 

The quantity a, is termed the “specific flow resistance.” It may be related to 
the directional permeability, K, through the equation 
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nd 
grad p (16) 
The ratio of volume displacement speeds is: 
6 (1 —n)(K — Po)I?+S nM-T?+np+S 


Equation (15) provides solutions for wave-velocities, attenuations and the 
dependence of wave-velocity on frequency (the dispersion). Equation (17) sup- 
plies a measure of the degree of coupling. 

In the above equations, it has been assumed that KK, which is true in the 
case of air. Where water or other liquid is the pore-filler, K must be replaced by 
nK, K being the quantity given by equation (6). 

By this substitution and by putting M =o, Nolle (1953) found expressions 
for wave-velocities and attenuations which he applied to loosely packed water- 
filled sands. The value of the structure-factor was borrowed from Ferrero and 
Sacerdote (1951); 

k = 4.3n (18) 
and the resistance constant o was evaluated from the expression 


I 


V/ 2pnw (19) 
o-12na 

which was derived experimentally by Thurston and Martin (see Nolle, 1953) 

for packings of equal-sized spheres. 

It should be noted here that expressions (10), (11), (12) and (13) are com- 
patible with the solutions of the more general expression (15). For the perfectly 
coupled medium it is sufficient to put 7 infinitely high. For the case of weak coup- 
ling, p, K, and must be made very small. 


EXPERIMENTAL TECHNIQUE 


The technique adopted by the author differs in one or two respects only from 
that described by O’Brien (1955) for work in the same laboratory. Only the diff- 
erences will be discussed in any detail in this paper. 

The apparatus is shown in the block diagram (Fig. 1) and in the photographs 
(Plate 1). 

A pulse technique was used with a variable repetition rate of 25 to 250 c.p.s. 
and an output of up to 1,500 volts. Timing was performed by means of a variable 
acoustic delay-line. Piezo-electric transducers were used as source and receiver 
in both the medium and the timer. The source was a barium titanate cylinder 2 
inches long by 1 inch in diameter with walls § inch thick. Receivers were 1 inch 
diameter by } inch thick discs, also barium titanate. Source transducers in the 
medium and the timer were arranged in parallel. The medium was placed in an 
8-inch diameter cylindrical container and was loaded vertically by means of a 
brass plate and rod and a lever (Plates 1(b) and 1(c)). The source was inserted 
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centrally, and four receivers were placed in the same plane and on the outside of 
the container. Cylindrical symmetry was thus achieved. The vertical load could 
be varied from 6 kg. to 35 kg. Good coupling was obtained between source and 
medium and receivers and medium. At the same time, early events travelling in 
the walls were prevented. Late events through reflections and refractions caused 
some trouble and different containers were devised to reduce this. A thin plastic 
bag inserted in a large styrofoam block (Plate 1(c)) was found to be satisfactory 
in eliminating late events but provided rather weak signals. The lucite container 


AYODIO PUL SE 
LATOR CENELATOR 4 
PUL SE 


Fic. 1. Block diagram of apparatus. 


(Plate 1(a)) provided good signals, and the late events did not prove too trouble- 
some. The signals from the four receivers were added together, amplified and 
fed to the upper trace of a twin-beam oscilloscope. The signal from the timer was 
fed to the lower trace. The timer was calibrated against a 100 kc. signal from an 
oscillator which was triggered by the driving oscillator and damped to decay be- 
tween pulses. The timing transducers were placed in a water tank and the 
distance between them was measured by a meter-stick. Times from 20 to 800 
micro-seconds were measured to an accuracy of 1 percent. 

Materials used as porous media consisted of glass beads 6 mm. and 0.6 mm. 
in diameter and graded quartz sands varying in size from 20-30 mesh to 40-50 
mesh. Photomicrographs of these and a Pleistocene Beach Sand are shown in 
Plate 2. Pore-filling materials were air, water and glycerine. 

Provision was made for shaking the specimens to ensure the most stable 
packing and for evacuating them before the insertion of liquid. Both these opera- 
tions were found to be most important. 


SOME RESULTS 
A. The dry medium 


In Plates 3(a) to 3(c) photographs are shown of the pulse received through 
dry 20-30 sand at increasing vertical loads. The lower trace shows the timing 
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PLaTE 1. The containers. (A) Lucite container, top removed, showing source and receiver trans- 
ducers. (B) Lucite container, top on, showing loading rod, shaking mechanism. (C) Styrofoam con 
tainer, top on, loading beam in place. (D) Lucite container under vacuum, water being introduced. 


signal with a frequency of roughly 50 kc. The upper trace shows the two waves 
that are received through the dry medium. Both are of low frequency (about 
5 kc.) and both increase in speed as the load is increased. The later wave increases 
more rapidly and in Plate 3(c) it has overtaken the earlier one. 

Fig. 2 shows the experimental results from tests on 20-30 sand plotted as 
graphs of velocity against the one-sixth power of the load. Curve number 1 is 
interpreted as representing the air-wave, curve number 2 represents the dilata- 
tional frame-wave, and curve number 3 is thought to represent the shear frame- 
wave. Plotted on the same graph are curves calculated using the theories of 
Ferrero and Sacerdoté (1951), (equation (12)) and Gassman (1950a), (equation 
(13)). Curve number 4 shows the theoretical air-wave, curve number 5 shows the 
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PLATE 2. Some of the media. (A) 20-30 quartz sand. (B) 30-40 quartz sand. (C) 30-35 (0.6 mm.) 
glass beads. (D) 40-50 quartz sand. (E) Pleistocene beach sand. 
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PLATE 3. The pulse through dry 20~30 sand. (Variation with load.) 


Oscilloscope Settings 
(A) Small load 500 mv./1,500 usec. 
(B) Medium load 150 mv./1,500 usec. 
(C) Large load 1,500 mv./1,500 usec. 
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dilatational frame-wave and curve number 6 shows the corresponding wave of 
vertical shear. It will be seen that the theoretical frame-wave curves show up 
as straight lines with this choice of absicssae. Curves numbers 7 and 8 are cal- 
culated from Zwikker and Kosten’s (1949) equations (15), using Gassman’s 
(1950b) value of the “‘specific stiffness’ for horizontal propagation of dilatation. 
It is seen that only at very low frame-strengths do these curves differ appreciably 
in form from the simplified ones of Ferrero and Sacerdoté and Gassman. Veloci- 
ties calculated by means of the Wood (1930) equation (11) are of the order of 15 
to 20 metres per second. 

Some remarks are now made regarding the interpretation of the above results 
and results on the other media. 

(1) Velocity of the air-wave is higher than that predicted by the theory. This 
could be due to incorrect evaluation of the structure constant aided by inaccura- 
cies due to the weak signal corresponding to this wave. 

(2) Velocity of the frame-wave is roughly 2} times as high as that predicted 
by Gassman (1950b) but shows approximately the correct increase with load. 
The elastic constants of the frame appear to be about 7 times those of a friction- 
less hexagonal packing of spheres. That friction exists in the experimental media 
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Fic. 2. Velocity variations with load in dry 20-30 sand. 
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is shown by the “hysteresis” effect or lag of velocity changes behind pressure 
changes in Figure 2. 

(3) A wave corresponding to Gassman’s (1950b) wave of vertical shear ap- 
pears at very large loads in the sand specimens and is present at all loads in the 
glass beads. For transmission of this wave good frictional coupling between 
medium and transducers and between grains of the medium are apparently re- 
quired. The wave is roughly 1.5 times as fast as the dilatational wave, whereas 
Gassman predicts that it is twice as fast. 

(4) Attenuation of theair-and frame-waves is seen to be highat high frequencies 
since the waves contain only the low frequency component of the transmitted 
pulse. Calculation by means of equations (15) provides attenuation of 1.2 1074 
at 50 kc. and .og1 at 5 kc. for the air-wave in the 1o cms. between source and 
receiver. The calculated attenuation of the frame-wave reaches a maximum of 
0.9 at 50 kc. and at low loads, and does not decrease much on lowering the fre- 
quency. Thus good agreement is seen for the air-wave but poor agreement for the 
frame-wave. Better agreement would be achieved if the value of flow resistance 
were increased. 

(5) The degree of coupling of the air- and frame-waves may be examined by 
means of equation (17). The ratio of volume displacement velocities of air and 
solid is found to be of the order of 10:1 for the frame-wave and 500:1 for the air- 
wave at large loads decreasing to 200:1 at small loads. The decrease in the ratio, 
or the improvement of coupling of the air-wave at decreasing loads, shows the 
increasing contribution of the solid to the inertia of the system. It accounts for 
the decrease in the calculated air-wave speeds at very small loads. 

(6) The absence of a wave corresponding to the coupled wave of Wood (1930) 
and Chambré (1954) is significant. The very low velocity waves observed by 
Lester (1932) were probably frame-waves through surface layers of very low 
frame-strengths. 


B. The liquid-filled medium 


Plate 4 shows the pulse received through water-saturated 0.6 mm. glass beads. 
In Plate 4(a) two waves are seen; an earlier one of high frequency and a later one, 
marked by the start of the timing signal, of low frequency. In Plates 4(b) and 
4(c) the waves are viewed separately at increased oscilloscope sweep-speeds. 
Estimates of frequency may be made by reference to the timing signal which 
is roughly 50 ke. It will be shown that the earlier wave is the water-wave and 
that the later is the frame-wave. 

Water-waves through three different sands are shown in Plate 5. All show the 
same high frequency and all are of roughly the same speed. 

Plates 6(a) and 6(b) show water- and frame-waves through 20-30 sand at two 
different loads. The speed of the water-wave is seen to remain the same while that 
of the frame-wave, which is marked by the start of the timing signal, increases 
rapidly with increasing load. 
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Pate 4. The pulse through water-saturated 0.6 mm. glass beads. (Two waves) 
Oscilloscope Settings 
(A) Both events 1,500 mv./1,500 usec. 
(B) Late event 1,500 mv./500 usec. 
(C} Early event 1,500 mv./150 usec. 
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PiaTE 5. The water-wave through three water-saturated sands. 
Oscilloscope Settings 


(A) 20-30 sand 1,500 mv./500 psec. 
(B) 30-40 sand 1,500 mv./500 psec. 
(C) 40-50 sand 1,500 mv./500 usec. 


SEISMIC WAVE PROPAGATION IN POROUS GRANULAR MEDIA 707 


PLATE 6. The pulse through liquid-saturated 20-30 sand. 
Oscilloscope Settings 
(A) Water-saturated. Small load. 1,500 mv./1,500 psec. 
- (B) Water-saturated. Large load. 5,000 mv./1,500 usec. 


(C) Glycerine-saturated. Medium load. 500 mv./1,500 psec. 
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The pulse shown in Plate 6(c) has travelled through glycerine-filled 20-30 
sand. Again two waves are observed. This time, however, the earlier or glycerine- 
wave is not of the same high frequency. The very sharp first-break of the wave 
may be explained by dispersion. 

The following comments are made regarding the interpretation of these 
results: 

(1) The speed of the liquid-waves may be compared with speeds calculated 
by the Gassman (1950a) equation (g). At the low frame-strengths prevailing in 
the experiments this equation reduces to the Wood (1930) equation (11). Theo- 
retical and observed velocities for four media are listed below. 


Theoretical Observed 
m./sec. 
W ater-filled: 
20-30 sand 1,650+ 30 
40-50 sand 55 1,670+ 30 
o.6 mm. beads 1,690 + 30 


Gl ycerine-filled: 
20-30 sand 1,960+40 


The results for the water-filled media are similar to those of Nolle (1953). The 
theoretical values are low because of assuming perfect coupling and hence a too 
high effective inertia. The theoretical value for the glycerine-wave is believed to 
be in error due to inaccurate assumed values for dynamic bulk modulus and 
viscosity. 

Liquid-wave speeds are now re-calculated using the Zwikker and Kosten 


(1949) equations (15). 
Theoretical Observed 
m./sec. m./sec. 
Water-filled 
20-30 sand 1,670 1,650+30 
40-50 sand 1,660 1,670+ 30 
o.6 mm. beads 1,770 1,690 + 30 


Glycerine-filled: 
20-30 sand 2,190 1,960+40 

The agreement for the water-waves is now good. The error in the case of the 
0.6 mm. beads is less than 5 percent. This is small considering the probable errors 
in the measured porosity, the assumed elasticity and the borrowed value for the 
structure-factor. 

(2) In Fig. 3 the observed velocities of the frame-waves in water- and glyc- 
erine-filled 20-30 sand are compared with those calculated by means of Zwik- 
ker and Kosten’s equations (15). Curves number 1 show the observed values 
on increasing and decreasing loads. Curves number 2 show the theoretical values 
assuming a specific stiffness equal to Gassman’s (1950b) effective elastic constant 
for horizontal propagation of dilatational waves in a hexagonal packing of spheres. 
Curves number 3 show the values obtained by taking a stiffness constant from 
the experimental results on the dry medium using equation (13). Remarkably 
good agreement is seen between curves numbers 1 and 3. 
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Fic. 3. Velocity variations with load in liquid-filled 20-30 sand. 
(A) Water-filled sand. (B) Glycerine-filled sand. 


(3) The absence of high frequency in the frame-waves in the liquid-filled 
media is due to attenuation. The calculated attenuation at 50 kc. and at high 
loads is 0.70 in water-filled 20-30 sand and .0063 in glycerine-filled 20-30 sand 
in the rocms. between source and receiver. The attenuation of the water-wave at 
50 kc. is only 0.97 while that of the glycerine-wave is 0.75. As in the case of the 
dry media, most of these values seem to be high though qualitative agreement is 
seen with the observed results. Better agreement would be obtained if the theo- 
retical flow resistance was increased. 

(4) Coupling of the waves in the liquid-filled media is generally good. The 
ratios of volume displacement velocities of liquid- to frame-waves, as calculated 
from equation (17), are listed below: 


Water-filled 20-30 sand, (maximum load); 
frame-wave I.7 
water-wave 1.9 


Glycerine-filled 20-30 sand, (maximum load); 

frame-wave 

glycerine-wave 
Coupling improves with a decrease in frequency and an increase in flow re- 
resistance. The coupling of the liquid-waves improves as the frame-strength is 
decreased. 
EXPERIMENTS WITH A BEACH SAND 


A specimen of unconsolidated (Pleistocene) beach sand was collected by the 
author. A photomicrograph is shown in Fig. 2. The composition of the sand is 
over go percent quartz, the remainder largely fine-grained rock fragments. A 
rough size analysis was carried out and is shown in Fig. 4. 

The specimen was tested both dry and saturated with water. The measured 
wave-velocities are shown in Fig. 5. An attempt is made below to infer some 
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Fic. 4. Size analysis of beach sand. 


properties of the specimen by comparison of its behaviour with those of the 
experimental models. 

The frame-wave curves for both the dry and the water-filled media show veloc- 
ities slightly lower than those of the other sand specimens. By referring to equa- 
tions (g) and (15) we find that the elastic constants of the frame must be weak, 
the density high, or the porosity low. Since the elasticity and density are ap- 
proximately those of quartz we can conclude that the porosity is lower than in 
the other sand specimens. 

The air-wave speed in the beach sand is higher than in any other medium. 
The speed of the air-wave as calculated by the Zwikker and Kosten (1949) 
equations (15) or by the Ferrero and Sacerdoté (1951) equations (12) and (18) 
is affected by the framework through the porosity only. It was found in experi- 
ments on the graded sands that porosity increased as grain-size decreased and 
that this accounted for the observed decrease in air-wave speed in the finer 
grained specimens. The high air-wave speed in the beach sand therefore points to 
a low porosity. Though the variation in speed with load may be due to a decrease 
in the influence of flow-resistance at large loads, much greater values of flow 
resistance would be required than those calculated by means of Nolle’s (1953) 
equation (19). No inference should therefore be made regarding flow-resistance 
from the results of the tests on the dry medium alone. 

Low porosity is consistent with the measured value of 0.37. This is equal to 
the value found for 20-30 sand, the coarsest specimen used in the experiments. 
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Fic. 5. Velocity variations with load in beach sand. Curves (1) to (3), 
specimen dry. Curve (4), specimen water-saturated. 


The water-wave speed in the beach sand was found to be 1,530 + 30 metres/sec. 
This is significantly lower than in the other media. This may be explained by an 
increase in the viscosity component of the coupling coefficient, s, of equations 
(15). Thus the flow-resistance of the medium is high and the permeability low. 

Low permeability means that grain-size is small, since there is no cementation. 
Low porosity is consistent with the fact that the specimen is imperfectly sorted 
in contrast with the sands used as the experimental models. 

The limiting value for the water-wave speed at high values of flow-resistance 
is that given by the Wood (1930) equation (11). For sand with a porosity of 0.37, 
the limiting velocity is 1,560 metres/sec. This agrees with the measured water- 
wave speed within the experimental error. 

It is not possible to compare the dynamic flow-resistance, o, required for 
this limiting case with the known properties of the specimen. 
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The steady-flow permeability of the specimen may be estimated by means of 
Krumbein’s (1942) empirical formula. We obtain: 


K = 40 darcys 
= 4 X cms.” 


The dynamic permeability required to justify using the Wood equation (11) 

is: 
K K 2 X 107! cms’. 

(using equation (16)). 

Comparison of these values would require a knowledge of the relation between 
steady-flow and dynamic flow-resistance in granular aggregates. 

It is probable that at the low permeabilities prevailing in sand formations (5 
darcys is the highest permeability the author has seen reported), the Wood for- 
mula will always apply for the calculation of the water-wave speed. 


SUMMARY AND CONCLUSIONS 


The research described in this paper touched on a rather large number of 
problems. A few of these have been solved. To others, tentative answers have 
been given. Some have been left unanswered. The following list is considered to 
be of value in summarizing the scope of the research and indicating what progress 
has been made. 

(1) An experimental technique has been developed by which the velocity of 
elastic waves in unconsoliadted media may be measured with fair accuracy. The 
technique also allows measurement of frequency and amplitude. Events may be 
observed which arrive at times as large as ten times that of the first arrival. 
Media may be tested dry or saturated with a liquid. 

(2) The two waves of volume expansion which involve coupled movements 
of both constituents of the medium have been viewed, photographed and 
analyzed. Though these waves have been predicted by several writers, no mention 
of their having been observed experimentally can be found in the literature. 

(3) Simple theories advanced by Wood (1930), Gassman (1950a) and Ferrero 
and Sacerdoté (1951) have been reviewed and compared with the more general 
theories of Zwikker and Kosten (1949) and Biot (1955). The physical meaning 
of the simple systems has been noted. 

(4) Observed values of velocity have been compared with those predicted by 
the general and the simple theories. The theory of Zwikker and Kosten is shown 
to provide fair agreement in nearly all cases. The simple theory of Ferroro and 
Sacerdoté provides an approximation for the air-wave in the dry medium with 
strong frame. The systems of Gassman are shown to correspond to perfectly de- 
coupled and perfectly coupled media. The ‘‘open”’ system provides a frame-wave 
whose behaviour conforms with experiments in the dry media. The‘‘closed”’ 
system provides a liquid-wave whose speed, at the low frame-strengths prevailing, 
is the same as that calculated from the simple Wood theory. The speed is less than 
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that obtained experimentally but approaches the observed value as coupling is 
improved. 

(5) Frame-wave speeds are shown to vary roughly as the one-sixth power of 
the load, other factors remaining constant. The frame-strength therefore varies 
as the one-third power of the load. This result is in agreement with the theory 
developed by Gassman (1g50b) and with the experimental work of lida (1939). 
The variation of velocity with load is the same as that observed by Faust (1953) 
in sedimentary formations where the lithology does not vary. 

(6) Elastic constants derived from the observed frame-wave velocities are 
higher than those calculated by Gassman (1g5o0b) for a hexagonal packing of 
spheres. They are also higher than those that might be expected for un-geometrical 
packings. This may be due to friction between grains or to imperfect sphericity 
and roundness. The elastic constant controlling the horizontal propagation of 
vertical shear appears to be higher than that for the dilatational wave by an 
amount only slightly less than that predicted by Gassman. This result is unusual 
and may be of significance in interpreting field seismic observations. 

(7) Attenuation of the observed waves was shown to be due primarily to 
viscous damping and to agree in order of magnitude with that predicted by the 
theory of Zwikker and Kosten. Scattering appears to provide attenuation only 
in the medium of largest grain size (6 mm.) and at the highest frequencies 
(roughly 50 kc.) In the other media it is not evident but it may be masked by the 
greater effect of viscous damping. These observations are in agreement with those 
of Nolle (1953). 

(8) Dispersion is observed in one medium only (glycerine-filled sand), and 
this is predicted by the theory of Zwikker and Kosten. 

(9) The degree of coupling of the waves in the experimental media has been 
studied. The waves in the dry media are shown to be loosely coupled while those 
in the liquid-filled media are strongly coupled. The factors affecting coupling and 
the effects of coupling on the speed and attenuation have been noted. 

(10) Tests have been made on a specimen of beach sand. The results have been 
compared with those obtained with the simpler media and some information re- 
garding the specimen has been inferred. In particular, the specimen was shown 
to have low porosity and low permeability. This is in agreement with fact. It 
seems probable that a quantitative interpretation would eventually be possible 
using methods similar to those adopted in this research. 

(11) The author sees no reason why the mechanisms found valid for the 
unconsolidated media tested should not apply also to consolidated media. Ex- 
periments on these media are believed to be currently under way in several 
laboratories. Difficulty is foreseen due to the fact that at the higher frame- 
strengths, the frame-wave will be the first arrival and may obliterate the air- and 
liquid-waves. Frequency differences may assist in resolving the waves. It is hoped 
that the air- and liquid-wave velocities will eventually be of value in predicting 
porosity and permeability of sedimentary formations. 
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SEISMIC WAVES FROM A HORIZONTAL FORCE* 


J. E. WHITE,{ S. N. HEAPS,{ anp P. L. LAWRENCEf 
ABSTRACT 


As part of a program of fundamental research on seismic waves, a generator was built for apply- 
ing a transient horizontal force at the surface of the ground and the resulting seismic waves were 
observed in some detail. The force is applied when a mass swinging through an arc strikes a target 
anchored to the earth. Surface geophones along a line in the direction of the force register vertically 
polarized shear waves refracted back up to the surface, whereas geophones on a line perpendicular 
to the force register horizontally polarized shear waves. The speeds of the two types of shear waves 
are often different, indicating anisotropy. Geophones buried below the target — ow a down-going 
shear wave. Variation of amplitude with angle, and other features, are in qualitative agreement with 
the results given by Rayleigh and others for the waves due to a force at a point in an infinite solid. 
Love waves and other surface waves were observed, which of course would not be expected from an 
nterior force. 


INTRODUCTION 


Any theoretical treatment of wave propagation in a particular section of the 
earth requires a knowledge of its elastic constants and density. If the density is 
known, the elastic constants can be computed from measured speeds of shear 
and compressional waves. If the material is not isotropic, speeds of compressional 
waves in different directions must be known and speeds of shear waves in different 
directions and with different polarizations must be known. A discussion in Lord 
Rayleigh’s Theory of Sound indicates that the application of a localized force in 
a solid material generates a strong shear wave. It was felt that a means of exerting 
a localized force at the surface of the ground would generate shear waves in this 
manner, and that detection of these waves at different distances along the surface 
would give shear speeds in shallow reflecting layers. 


DESCRIPTION OF THE SHEAR SOURCE 


A frame similar to a play-ground swing was built, with a four-cable suspension 
for a cylindrical mass, as shown in Fig. 1. Masses of 105, 290, and 515 pounds 
were used, swinging from heights up to 6 feet. At the bottom of the arc, the 
horizontally-traveling mass struck a plate at the junction of an X-shaped target 
of channel-iron which was anchored by means of about 12 stakes driven into the 
ground or cemented in auger holes. 


* Presented before the 48th meeting of the Acoustical Society of America at the University of 
Texas in Austin on November 18, 1954. Received by the Editor November 4, 1955. 

{ Research Department, Ohio Oil Company, Denver, Colorado; formerly with Field Research 
Laboratories, Magnolia Petroleum Company, Dallas, Texas. 

t Field Research Laboratories, Magnolia Petroleum Company, Dallas, Texas. 
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Fic. 1. Pendulum shear generator—Anchored metal target is not shown. 


TYPES OF WAVES OBSERVED 

This source was set up at several locations favorable for refraction of elastic 
waves. The Akin Farm, Kaufman County, Texas, is typical of locations having 
an abrupt increase in speed at a shallow depth as shown in Fig. 2. The velocity 
information was obtained by measuring vertical compressional and water-pulse 
signals in a borehole. The SH shear speed was computed from the water-pulse 
speed assuming that formation density was 1.5 times that of the borehole fluid. 
(White et al. 1953). A gradual increase in shear speed to a depth of 60 feet is 
indicated, with an abrupt increase at that depth. Paths for two critically refracted 
waves which might be expected in this situation are shown in Fig. 3. Along a 
radial profile perpendicular to the force, the refracted event is a horizontally- 
traveling shear wave with horizontal particle motion. The predominance of this 
mode is responsible for the term SH plane as indicated in the figure. Along a 
profile in alignment with the force, the refraction is a horizontally-travelling shear 
wave with vertical particle motion, hence SV plane. Refracted energy reaching the 
free surface will be reflected downward at the proper angle to be refracted to the 
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Fic. 2. Velocity logs at Akin farm. 


surface again, so one should expect a train of multiple refractions. One might 
also expect that multiple reflections in the shallow layer would give rise to some 
form of low-frequency surface wave. 

Signals from detectors along a line perpendicular to the force are shown in 
Fig. 4. As expected, the motion is essentially horizontal, the radial and vertical ge- 
ophone signals being quite small compared with the transverse geophone signals. 
Note that the SH refraction is substantially the first energy on the record, followed 
by multiple refractions. A weak compressional signal can be seen on the vertical 
geophone. A time-distance plot in Fig. 5 shows the increase in refractor speed 
from 2,800 ft/sec to 3,200 ft/sec. The spacing between multiple refractions is 
about 0.17 sec, the round-trip time from the surface to the top of the refractor. 


SV PLANE 


Fic. 3. Refraction paths for shear waves. 
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Fic. 5. Time-distance plot for SH profile. 


These two results indicate that the SH speeds shown in Fig. 2, obtained from 
water-pulse speeds, are too low by about 20 percent. The well-defined low- 
frequency train marked L in Fig. 4 represents Love waves which arise from 
constructive interference of multiply reflected energy in the shallow layer. ““M”’ 
on the time-distance plot, Fig. 5, indicates the cycle of this Love wave which has 
the maximum amplitude. Its observed periods varied from 0.17 sec. for early 
cycles to 0.09 sec. for late cycles. Phase velocities were obtained from slopes on 
the time-distance plot for the various cycles. Group velocities were obtained by 
dividing the arrival time of a given cycle into the source-detector distance for 
that trace. Fig. 6 shows group and phase velocities determined by these pro- 
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cedures plotted against wavelength. Note that good agreement is obtained be- 
tween the measured group velocities, and the group velocity curve derived from 
the phase velocity curve. 

Signals received along a profile in alignment with the force are shown in Fig. 
7. The SV wave is clearly evident on radially sensitive geophones, although the 
onset is perhaps not as sharp as that for the SH profile. The time-distance plot 
shown in Fig. 8 shows the refractor speed to be 2,400 ft/sec, substantially less than 
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Fic. 6. Dispersion curve for Love waves observed on SH profile. 


that for SH waves. Hence the refractor must not be completely isotropic. Suc- 
ceeding cycles having the refractor velocity show the presence of multiple re- 
fractions, but it is not possible to pick out the individual pulses well enough to 
check the surface-to-refractor time. Fig. 3 shows how an SV wave starting down- 
ward with earth displacement in the direction of the impact force has its path 
bent in such a way that when the wave reaches the surface, the displacement is 
opposite to that of the force. This reversal was observed; the first motion of the 
SV events in Fig. 7 being opposite to that of the source. A surface wave observed 
in this direction has been marked ‘“‘D” in Fig. 7. During its passage, particles fol- 
low elliptical trajectories in a vertical plane, but the motion is direct instead of 
retrograde, as would be the case for a Rayleigh wave. Group and phase velocities 
are about twice as large as those for the Love wave. The maximum cycle is 
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Fic. 8. Time-distance plot for SV profile. 


indicated by ‘“M” on the time-distance plot, Fig. 8. Following Love wave arrivals 
(L), Fig. 7, there is a train having retrograde elliptical motion marked ‘R”’ 
but the vertical component is weak. No theoretical treatment has been developed 
for these waves. 


CIRCULAR SPREAD OF DETECTORS 


Using the theory for a point force in the interior of a solid as a guide, one 
would expect the SH refraction to have maximum amplitude in the two directions 
perpendicular to the force and to be absent along the direction of the force. At 
Corn Valley Road, Dallas County, Texas, where the velocity layering is similar 
to that at the Akin Farm, horizontally-sensitive detectors were placed at 16- 
degree intervals around a semicircle 230 ft in radius. Fig. 9 shows the geometry 
and the records obtained. Clockwise earth motion corresponds to upward trace 
deflection, so that although the traces break in opposite directions, a component 
of motion in the direction of the force is indicated in every case. Signals were 
strongest in directions perpendicular to the force, as may be seen by noting the 
decreased channel sensitivities for the end traces. A similar observation of the 
SV wave was made with the same semicircle by orienting the geophones for radial 
sensitivity. In this case, the strongest signals occurred at detector positions near- 
est the line of the force. 
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Fic. 9. SH arrivals observed on circular spread. 


MEASUREMENTS BELOW SOURCE 

In several instances, geophones have been clamped in boreholes below the 
shear source and the signal observed at several depths. At depths below about 100 
ft, shear waves with substantially horizontal particle motion were observed and 


logs of shear speed were obtained. At closer distances, the motion was more com- 
plex and the shear component could not be separated. 


CONCLUSIONS 
The source described generates shear waves accompanied by very little com- 
pressional energy. Shear speeds for shallow refractors are obtained, and at several 
locations a significant amount of anisotropy is found. The SV refraction corre- 
sponds to shear refractions obtained from dynamite explosions (Dobrin et al. 
1951-1954). This source also provides a means of obtaining a log of shear speed 
versus depth if used in conjunction with detectors lowered into a borehole. The 
Love waves observed are adequately explained on the basis of the layering pres- 
ent, but the ““D” and “R” wavetrains (Fig. 7) exhibit some properties which are 
not explained by present theories of Rayleigh-wave propagation in layered media. 
Qualitatively the polarization and amplitudes of the refracted shear waves ob- 
served can be predicted from the analysis of a point force given by Rayleigh. 
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THE LONG INTERVAL METHOD OF MEASURING 
SEISMIC VELOCITY* 


F. P. KOKESHt 


ABSTRACT 


The reverse method of seismic velocity determination, wherein the shot is detonated in the 
bore hole, has been extended to operate in deep wells. This has been accomplished by the use of a 
long interval arrangement of a multi-shot selective firing sound source gun and one or more geophones 
separated vertically by a cable several hundred feet long. A series of a relatively few such intervals 
can “strap” a bore hole travel-time-wise with good accuracy. Travel time measurements over the 
cased portion of the hole can generally be accomplished by means of geophones placed at or near the 
surface. Velocity surveys conducted in this manner become a routine well logging service, in con- 
junction with other services such as electrical logs. The paper describes in a general way the necessary 
field equipment, and field examples of surveys are presented. 


INTRODUCTION 


A paper was presented about four years ago describing the so-called reverse 
method (Kokesh, 1952) of making seismic velocity surveys in bore holes, wherein 
an energy source in the form of a perforator gun is placed in the hole and the 
energy is detected by means of geophones at the surface (Fig. 1). The method 
has proved quite successful for shallow depths and numerous velocity surveys 
have been made in this way, mainly in core holes (Henderson and Brewer, 1953). 
Although successful surveys have been made under ideal conditions to depths 
exceeding 4,000 feet, the method was not found generally applicable in deep 
holes. Its use has been limited chiefly by the problems involved in placing large 
charges in deep holes, the nature of the energy propagated at depth, attenuation 
of energy in the weathered layer, and wind and other surface noise interference 
which may prevent using adequate sensitivity for recording. 

There has, however, continued to be an interest in methods of obtaining 
accurate time-depth data in deep wells wherein operations are confined as much 
as possible to the bore hole. The long interval approach described in this paper 
is such a method. 


GENERAL DESCRIPTION OF METHOD 


In the long interval method, overall travel time is obtained by the summation 
of accurately measured travel times across successive intervals throughout the 
length of the open bore hole. Referring to Fig. 2, a suitable sound source, such 
as a conventional perforator gun, is lowered into the hole at the end of a logging 
cable. Geophones are located on the cable several hundred feet vertically above 
the sound source. Typical combinations of intervals from the gun are 4oo feet 


* Presented before the Society at its Meeting in New York, March 30, 1955. Manuscript received 
by the Editor July 22, 1955. 
t Schlumberger Well Surveying Corporation, Houston, Texas. 
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Fic. 1. The reverse method of measuring seismic velocity in bore holes. 


and 800 feet respectively for the lower and upper geophones. This gives two 
simultaneous 400-foot interval measurements. The gun is a surface-controlled 
selective firing device, allowing as many as 48 shots per trip into the hole. The 
well geophones are connected through cable conductors to suitable recording 
equipment at the surface. 

Total travel time over the entire open hole is obtained, as mentioned above, 
by simple addition of interval travel times as measured on the individual shots. 
In practice, the assembly is moved 4oo feet at a time between shots so as to over- 
lap, and thus double check, the interval measurements as shown in Fig. 3. Twen- 
ty-five shots will cover 10,000 feet of open hole, and since a shot may be made as 
quickly as one every three minutes, the survey can be made quite rapidly. 

Measurements cannot be made in this manner in casing, since steel casing 
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Fic. 2. The long interval method of measuring seismic velocity in deep bore holes. 
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usually has a higher velocity than the formations. The problem of surface and 
datum ties across the casing, using the reverse method, i.e., recording on geo- 
phones set at or near the surface from shots made just below the casing, is dis- 
cussed in detail in a separate section below. As will be shown, datum ties across 
as much as 4,000 feet of casing can be obtained under suitable conditions. Where 
surface or protective casing is to be set to a greater depth, or in the event of 
adverse conditions at lesser depths, a datum tie can be obtained in the conven- 
tional manner, i.e., recording a surface shot on the well geophones set below 
casing. The preferred procedure, however, is to make a long interval survey before 
that casing is set. 

A few remarks should be made about the equipment at this point before dis- 
cussing field examples. Since energy can hardly be prevented from being trans- 


CASING SHOE | | 


INTERVAL 
OVERLAPPED | 


| 


Fic. 3. The long interval method showing down-hole interval overlap. 


mitted along the cable from the gun to the geophone, it is necessary to insure 
that the formation energy arrives ahead of the cable energy. A special low velocity 
cable has, therefore, been designed, which has a velocity of less than 6,500 feet 
per second, and yet has adequate strength and ruggedness to operate in deep 
wells. 

Fig. 4 shows a photograph of a 24-shot perforator gun used as a sound source. 
A time break device or a geophone at the upper end of the gun responds to the 
mechanical shock generated at the instant of shooting and thus provides a time 
break for recording at the surface. 

Concern has been expressed by some over the possibility of damage to the 
bore hole wall by shooting a gun in open hole. Such concern seems unnecessary, 
as thousands of shots have been made in open holes at all depths and in all kinds 
of formations without any evidence of damage to the bore hole. 

Fig. 5 shows a photograph of one of the down-hole geophones and its mount- 
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Fic. 4. Perforator gun used as a sound source. 


ing on the side of the cable. A short length of aeroplane cable is spliced into the 
central support member of the main suspension cable. The aeroplane cable has 
a small steel ball swedged onto its lower end. The ball fits into a socket at the 
upper end of the geophone assembly, providing mechanical weight support. 
Latches clamp the cable loosely at the top and bottom of the geophone assembly. 
Pressure-proof electrical plug-in connections are provided for connecting the 
geophone to the appropriate cable conductors. With this arrangement, it is possi- 
ble to attach or remove the geophone assembly from the cable in a matter of min- 
utes when going in or out of the hole. When the geophone assemblies are removed, 
the link cable, with its mechanical and electrical take-outs, may be passed over 
the cable sheaves and reeled onto the winch of the logging truck in the conven- 
tional manner. No difficulty has been experienced in a large number of field 
operations using this rather unconventional but practical arrangement. 

The geophone is preferably a pressure detector. Magnetostriction units are 
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Fic. 5. Down-hole geophone mounted on side of cable. 


used successfully and are chosen because of their simplicity, and immunity to 
bottom-hole temperature effects. 

The truck carrying the equipment to the well may be an integrated unit 
carrying the main cable, the low velocity link, and all other necessary shooting 
and recording equipment. In another form, a relatively light panel truck is used to 
carry the link and the other special equipment to the well. The low velocity link is 
connected to the cable of the regular well logging truck by means of the so-called 
torpedo connection shown in Fig. 6. The torpedo will pass over the sheave wheels 
and onto the cable reel. Economy of equipment and wider operating range make 
the panel truck arrangement desirable in most areas. Other pertinent remarks 
regarding equipment will be made later in the discussion. 


FIELD EXAMPLES OF RECORDINGS 


A typical record made with the long interval method is shown in Fig. 7. 
The uppermost trace carries the time break. Traces 2 and 3 record the energy 
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from the geophones located 400 feet and 800 feet respectively above the gun. 
The two lowermost traces carry recordings from geophones set on the ground 
surface, 200 feet and 100 feet respectively from the well. In the example shown, 
geophones were also placed in a shallow hole at the 200-foot position, with the 
corresponding recording on traces 4 and 5. Some cross coupling is induced into the 
geophone circuits at the instant of shooting but is of short duration and does not 
interfere with the first arrival recordings. 


ARMORED 
_OGGING GABLE 


“TORPEDO 


LOW VELOCITY 
CABLE 


Fic. 6. Torpedo connection between regular steel armored 
cable and special low velocity cable. 


Inasmuch as the interval travel times are relatively short, it is desirable to 
use a fast paper speed in the recording camera. The record shown was made at 
a paper speed of 48 inches per second, with timing lines appearing every two 


milliseconds. 

Note that the arrivals on the down-hole geophone traces are picked to 0.2 
millisecond, which is possible because of the remarkable sharpness of the breaks. 
The abrupt departure of the trace is still better appreciated when one remembers 
that the paper speed is four times that ordinarily used in seismograph practice 
The sharpness of the arrivals is due to the high frequency content of the detected 
energy. 

In the examples shown, saturation of the amplifiers shortly after the first 
arrival prevents one from seeing the higher frequencies, e.g., 2,000 cps, which 
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Fic. 7. Typical long interval record, including surface ties (Texas Gulf Coast). 


are actually present. Detailed analysis of the problem will show that the fre- 
quency of the propagated energy increases as tamping or pressure is applied to 
an explosive discharge. It may be somewhat of a revelation, however, that energy 
with a frequency as high as 2,000 cps may be transmitted from a relatively low 
level sound source, such as a perforator gun, through as much as 800 feet of the 
earth. 

Fig. 8 shows a recording of a deeper shot in the same hole. Here the surface 
traces are not in use. The sharpness of the down-hole arrival recordings is particu- 
larly evident in this example. 


TABULATION AND COMPUTATION OF DATA 


A desirable feature of the new method is the simplicity of computation. A 
sample tabulation of data of a typical survey is shown in Fig. 9. The gun and 
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Fic. 8. Typical long interval record at greater depth (Texas Gulf Coast). 


geophone depths are shown in the columns at the left. The column headed 7; is 
the interval time from the gun to the lower geophone, while 7, is the interval time 
from the gun to the upper geophone. 7,— 7, is the interval time between the two 
geophones. Since a 400-foot interval of the hole is overlapped on the succeeding 
shot, it follows that 7, of a given shot and 7,—T7;, of the next lower shot are 
measurements of time across the same identical interval of hole, and should give 
the same interval travel times. 

The tabulation is simplified in the form shown in Fig. 10. The interval, 
depths are shown in the column at the left. The second column gives a reference 
to the record on which the interval is measured. The figures in the column headed 
T; are the 7; and 7,—T, times obtained for the same interval in two successive 
shots, as shown in the tabulation of Fig. 9. T; is the average interval time. 

A travel time measurement across the cased portion of the hole is obtained by 
recording on geophones at or near the surface and is the asterisked figure in the 
Total Travel Time (7;) column. 

Total travel time to any point in the hole is obtained by taking the surface 
tie time and adding the successively deeper interval times from the interval meas- 
urements. In effect, a running sub-total is carried for increasing depth. Average 


DEPTHS TIME 
G, SHOT To To-T| 
100 1500 1140 
1500 1900 1096 0544. 
i900 2300 .1050 
2300 2700 .10!16 0510 °0506 
Fic. 9. Tabulation of data. 
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RECORD 

INTERVAL REF GT 

© — 1500 2207 6790 

1500-1900 2 0544 0545 2752 6910 7340 
3 0546 

1900-2300 : 0506 0506 3258 7060 7900 
4 0506 


% INDICATES SURFACE TIE TIME 


Fic. 10. Simplified tabulation of data. 


velocity (V) and interval velocity (V;) are computed in the conventional manner. 
Because of the inherent simplicity of the method, it is seen that after the records 
are read, little effort is required to arrive at the desired results. 

Fig. 11 isa chart showing total travel time, and average and interval velocity, 
presented in the conventional manner. 


ACCURACY 


Although the meihod is referred to as the long interval method, its principal ob- 
jective is the measurement of total vertical travel time from a point at or near the 
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Fic. 11. Long interval velocity survey results (Texas Gulf Coast). 
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surface to various depths in the ground. With the long interval method, such 
measurements are possible to a remarkably high degree of accuracy. 

Changes in bore hole diameter will have negligible effect on the interval time 
measurements when the interval is several hundred feet long. 

The high frequency character of the propagated and detected energy is an 
aid in accurate measurement, provided the survey equipment is properly designed. 
The high frequency response of the magnetostriction geophone is excellent. The 
response of the associated amplifier system is essentially flat from 20 cps to 2,000 
cps. Galvanometers with natural frequency of 2,000 to 3,500 cps are used for the 
recording. 

It can be shown that since the records can generally be read to plus or minus 
0.2 milliseconds, the probable error for 25 measurements of 400 feet each, covering 
10,000 feet of open hole, is one millisecond. Even if records are read to the nearest 
one-half millisecond, the probable error would be only 2.5 milliseconds for 25 
measurements. 

Any interval method is susceptible to systematic error, which would accumu- 
late with the summation of the individual intervals, and care must be taken to 
avoid such errors. The interval spacings must be cut accurately and can be held 
within inches. If the survey is made going down the hole, care must be taken to 
prevent slack in the interval cable by dropping below, and then pulling up to, the 
shooting depth. 

Systematic error is avoided in the geophone-geophone interval measurement, 
this being a true interval measurement, provided the same type geophone, 
amplifier, and recording circuits are used for both. A correction at the time break 
may be necessary for travel time from the shot in the gun to the time break device 
at the upper end of the gun assembly. This correction is needed when the forma- 
tion velocity is substantially different from the 17,000 feet per second velocity of 
the gun. As an example, the correction amounts to minus 0.35 milliseconds when 
the formation velocity is 8,500 feet per second and the shot is 6 feet below the time 
break device. Care should be taken in computing the correction in the case where 
the gun and time break device are in a low velocity bed only a few feet thick. 
Knowledge of approximate formation velocities, combined with reference to the 
electrical log for the type of formation, permits judicious selection of the velocity 
to be used in computing the correction. 


COMPARISONS WITH CONVENTIONAL GEOPHONE SURVEYS 


Comparisons with conventional geophone surveys in the same hole have been 
made in twelve wells through August, 1955. In several cases the check was very 
good; no attempt is made to provide an example since the slight differences in 
the curves would not be discernible. In other cases, differences up to approxi- 
mately one percent have been noted. An example of one of the largest discrep- 
ancies encountered is shown in Fig. 12. This comparison was made in a deep 
West Texas well. Since the surface casing was set to a considerable depth, a 
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| DASHED CURVE | 
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4000 | SHOT HOLES 750'N. of WELL | 
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Fic. 12. Comparison of long interval velocity survey and conventional geophone survey in 
same well, illustrating discrepancies sometimes encountered (West Texas). 


datum tie from datum plane to 5,500 feet was obtained by means of a dynamite 
shot in a shot hole at the surface and recording on the down-hole geophones be- 
low the casing. 

The figures inserted along the curves are the millisecond differences in vertical 
travel time as obtained by the long interval and conventional geophone surveys. 
The differences noted here are fairly typical of the comparisons that have been 
made thus far, wherein a discrepancy has appeared, as to the tendency of the 
long interval survey to give both a shorter vertical travel time and a smoother 
curve. 

It has been suggested that the tendency of the long interval method to meas- 
ure a shorter vertical travel time is the result of a frequency effect since the long 
interval method operates at much higher frequencies than the conventional 
method; also, that the conventional results may be preferred for the reflection sur- 
vey correction since the frequencies are then the same. In studying the problem, 
it is desirable to keep in mind that the frequency effect, if any, may be only an 
apparent one because of the problems associated with the low frequency first 
arrival detection at the greater depths. 
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Fic. 13. Example of reliability of measuring interval time with geophones in casing when the 
shot is below the casing shoe. On Run No. 1 in open hole, time over interval 3,143’—3,543’ is .0334 
sec/ft. On Run No. 2, same time is obtained over the interval through casing (Texas). 


SURFACE AND DATUM TIES 

As mentioned previously, interval measurements cannot, in the general case, 
be made in the casing. All interval velocity measuring methods share this draw- 
back, as well as the resulting problem of obtaining a time tie across the casing toa 
point at or near the surface. Since this problem has several solutions, varying in 
effort and cost according to conditions at a particular well, it may be useful to 
describe briefly the various methods which experience shows to be effective. 

It has been found that if the shot is placed below the casing, reliable interval 
time measurements can be made to geophones up in the casing. An illustration is 
given in Fig. 13. If the casing is shallow, one of the down-hole geophones may be 
placed below the weathering at the depth of the reference datum plane, with 
the gun below the casing shoe, as shown in Fig. 14. It is seen that the survey 
can start at datum and proceed downward in a simple series of stacked intervals, 
leaving the extreme surface geophones out of the setup and thus confining opera- 
tions entirely to the bore hole. The depth to which datum ties can be obtained 
in this manner varies widely from well to well, depending on such factors as type 
of formations and rig noise level. 
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Fic. 14. Datum tie across casing using down-hole geophones. 


Where the method described above fails, several alternatives remain, as il- 
lustrated in Fig. 15. A surface tie may be obtained at the same time an interval 
measurement is made at the casing shoe by recording with geophones set at the 
surface a short distance from the well. Under favorable conditions, a tie can be 
obtained in this manner to 2,000 feet. Under less favorable conditions, the tie can 
be made by shooting four shots or eight shots simultaneously from another type 
of perforator gun lowered below the casing shoe. Successful ties have been made 
in this manner to depths exceeding 4,000 feet, as illustrated in Fig. 16. The up- 
hole time from datum to surface can be obtained by exploding a blasting cap 
in the well at datum and recording on a surface geophone, as shown in Fig. 17. 
This up-hole time can then be subtracted frém the surface tie time to obtain the 


desired datum tie time. 
Where the casing is deep, or if other conditions are unfavorable, so as to pre- 
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Fic. 15. Alternate methods of obtaining a datum tie across casing. 
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Fic. 16. Surface tie across casing from a depth of 4,790 feet, using a simultaneous firing multi-shot 
perforator gun. Conditions for recording were exceptionally good in this case (Mississippi). 


clude a surface or datum tie by the simple reverse method, an alternative is to 
drill a hole of ordinary shot hole depth near the well and lower into it a geophone, 
as shown in Fig. 15. Datum ties from shots at greater depths are then possible, 
since the energy does not pass through the weathered layer and the environment 
of the geophone is generally more quiet. 

For deep casing, a charge may be exploded in a shot hole near the well in the 
conventional manner and the energy detected in the well on the well geophones 
set below casing. The expense of such a single shot hole, which can be drilled at any 
convenient time beforehand, is relatively small. 

To minimize errors in obtaining a datum tie, to dispense with all shot holes, 
and to confine all operations to the bore hole, the recommended procedure is to 
make the long interval survey in two or more runs as is commonly done with 
open hole logging methods. 


CONCLUSIONS 
The demand for accurate total travel time and average velocity information 


is steadily increasing. The economics of the industry require that the accelerated 
program of securing velocity information be accomplished without increasing the 


| 
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Fic. 17. Up-hole time, datum to surface, measured by means of a cap shot in casing in the well 
(West Texas). The shot was at 94 ft. depth below ground level, with surface geophones 50, 100, and 
150 feet from the well. 
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total cost. The development of the long interval method was undertaken with 
the economics aspect being the first consideration. With each survey requiring 
only a relatively modest outlay of field equipment and personnel, it appears that 
the method has accomplished its purpose. In addition, the method provides an 
accurate check against other methods of velocity determination. As operations 
can be confined to the bore hole, the method is adaptable to all areas, including 
offshore. 
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APPLICATION OF CONTINUOUS VELOCITY LOGS TO 
DETERMINATION OF FLUID SATURATION OF 
RESERVOIR ROCKS* 


WARREN G. HICKSf anp JAMES E. BERRYT 


ABSTRACT 


Recent studies of continuous acoustic velocity logs indicate that these logs may provide impor- 
tant assistance in differentiating gas, oil, and water saturations in reservoir rocks. In general, veloci- 
ties are appreciably lower in sands carrying oil or gas than in water-saturated sands of otherwise simi- 
lar character. Specific examples from field logs illustrate this application. Laboratory measurements 
have been made of acoustic velocity of synthetic and natural rocks. Published studies, both empirical 
and theoretical, of other workers concerned with the transmission of sound in porous media have been 
considered. All of these at least qualitatively confirm the conclusions drawn from field data. 


INTRODUCTION 


Several workers have presented both laboratory and theoretical studies of the 
various parameters which influence the speed of sound in porous media. Some 
have dealt with ordered packings of spheres while others have used samples of 
rocks occurring in nature. Because of the number of these studies reported on in 
the past few years, a wealth of information is now available concerning the fac- 
tors controlling the velocity of sound waves in porous media. 

Concurrent with this phase of research, logging systems have been developed 
which are capable of measuring the speed of sound waves in formations pene- 
trated by wells. The velocity logging equipment developed at Magnolia Field 
Research Laboratories (Broding and Summers, 1952) is suitable for interpreta- 
tive studies and continuous velocity logs have been run in a large number of 
wells by several companies. Since the prime objective of each of these wells is 
to produce oil, we shall be particularly concerned in this paper with the phase 
of log interpretation which attempts to discriminate between an oil reservoir, 
on one hand, and zones which will produce water or will produce little or no 
fluid on the other hand. 

Among the parameters which will influence the velocity recorded at a parti- 
cular zone are: (1) elastic constants of the grains comprising the framework of 
the rock, (2) type of cementing material bonding these grains, (3) grain density, 
(4) density of fluids contained in pores, (5) temperature, (6) pressure on rock 
skeleton, (7) pressures on fluids, (8) porosity, and (g) compressibility of fluids. 

It is the purpose of this paper to show how the last four named of these 
parameters affect the velocity of sound in porous media and to illustrate by 
field examples how the log. interpreter can employ these relationships to his 
advantage. 


* Manuscript received by the Editor February 13, 1956. 
¢ Magnolia Petroleum Company, Field Research Laboratories, Dallas, Texas. 
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THEORETICAL CONSIDERATIONS 
Compressibility of Saturating Fluid 
Gassman (1951) has presented a theoretical solution for the speed of sound 
waves in a hexagonal packing of spherical grains with the pore spaces occupied 
by a liquid. This expression may be written: 


1/2 
(= + | (1) 


where 
p = (1 — o)p, + om 
a* I 
Dt 3(1 — 20) 12(1 — 20)é 
24(1 — 20)¢ 
bs 
E 
(1 — o?)? 
and 


p,= density of grains, grams per cubic centimeter. 

E= Young’s modulus of grains in dynes per square centimeter. 

o=Poisson’s ratio of grains. 

B,=bulk modulus of liquid in dynes per square centimeter. Bulk modulus is the 
reciprocal of compressibility. 

pi=specific gravity of saturating fluids. 

¢=fractional porosity; for hexagonal packing assumed to be 0.26 or 26 per 
cent. 

Z=<depth in centimeters. 

g=acceleration of gravity =980 centimeters per second per second. 

V = vertical compressional velocity in centimeters per second. 


Gassman’s equation describes a self-loaded system; that is, the pressure on the 
spherical grains is the weight of a column of such grains extended to the surface 
and the hydrostatic head on the fluid is the weight of a column of such fluid 
extended to the surface. The assumed pressures may be replaced by known pres- 
sures where available. 

White and Sengbush (1953) have also developed a theoretical solution for the 
speed of sound waves in a cubical packing of spherical grains with a liquid occupy- 
ing the pore spaces. This expression is: 


a 

- 

H 


FLUID SATURATION OF ROCKS FROM VELOCITY LOGS 741 


= — _ (2 
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(1 — )p, + op 


where all symbols are the same as in the Gassman expression and k, is bulk 
modulus of the grains in dynes per square centimeter. The fractional porosity, ¢, 
for cubical packing is 0.476, or 47.6 percent. 
A very important equation has recently been formulated by Brandt (1955). 
It applies to randomly packed, non-spherical particles, with variable porosity. 
For a saturated aggregate this expression may be written: 
5-75(Po — + 17.5B,3/2k(Po — 5/8 
¢'!2[p, — ¢(p, — pr) [1 + 26.3B,3/2k( Po — 2 
where V is vertical compressional velocity in feet per second. 
Py is the pressure on the frame of the rock in pounds per square inch; 
P, is the pressure on the liquid in pounds per square inch; 
c is a constant near unity. c was evaluated by Brandt for a particular experi- 
ment and found to be 0.87. 
k is a constant which is determined by the rock. It was evaluated experi- 
mentally for a particular sandstone core and found to be 107’. 
is the bulk modulus of the saturating fluid. In this equation the units are 
pounds per square inch. 


B 


~ 


The three equations may be used to evaluate theoretically the effects of 
changes in various parameters. Of particular interest are the effects of changing 
compressibility of the saturating fluids. Water is less compressible than the 
hydrocarbons. Hydrocarbon mixtures may have a wide range of compressibilities 
depending upon their composition, temperature, and pressure. Equivalent values 
were used for the parameters in each equation, even though, in some cases, this 
meant choosing values slightly different from those used by the authors in their 
original work. Values were assigned as follows: E, 10’ dynes/cc; ¢, 0.20; py, 2.65 
grams/cc; Z, 3.04 X10° cm or 10,000 ft.; g, g80 cm/sec”; Po, 9,600 psi; and P;, 
4,330 psi. In the cases of hexagonal and cubical packings of spheres, porosites are 
fixed at 0.26 (26 percent) and 0.476 (47.6 percent) respectively. In Brandt’s 
equation the porosity term may be varied. Two values, 0.26 and 0.476, were cho- 
sen but no variation was made in the values used for the elastic constants other 
than the compressibility of the saturating fluid. This permits a qualitative com- 
parison of Brandt’s results with those of Gassman and of White and Sengbush. 
The similarity of curves representing the three equations is illustrated in Fig. 1. 

A further word of explanation of Fig. 1 is necessary. The term B;, bulk modu- 
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Fic. 1. Theoretical curves showing acoustic velocity through porous media as a function of 
compressibility of the saturating fluid. 


lus of the saturating fluid, appears in the equations. In a sense this is the inde- 
pendent variable for the graphs in the figure. However, since compressibility 
is perhaps a more familiar concept for most people, compressibility was substi- 
tuted for bulk modulus with proper regard for the reciprocal relationship between 
the two. Finally, it is evident that as compressibility increases the density or 
specific gravity of the liquid decreases and that the gas-oil ratio should increase. 
If the temperature and pressure above the bubble point pressure of hydrocarbons 
are specified there is a relationship between compressibility, density (specific 
gravity or API gravity), and gas-oil ratio. In Fig. 1, it is assumed that the tem- 
perature is 200° F and the pressure is 1,000 psi above bubble point pressure. 
Therefore, the additional scales showing density and gas-oil ratio along the 
abscissa are determined by this relationship (Elfrink, 1952). 

Fig. 1 shows relatively high velocities when the saturating fluid is salt water 
with a compressibility of 3X 10-6 psi-'. The velocities decrease appreciably as the 
compressibility of the saturating fluid increases. The more compressible fluids 
may be considered to be hydrocarbons having the densities and gas-oil ratios 
shown. The curves are carried to the extreme case of infinite compressibility 
and zero density. 
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The important feature of these curves is that the velocity is depressed about 
15 to 20 percent as the saturating fluid changes from water to oil. All three equa- 
tions have the same trend of decreasing velocity as the compressibility of the 
saturating fluid is increased. 

In making computations for the graphs in Fig. 1, we have assumed, for the sake 
of simplicity, that the pore spaces of the sands were completely saturated either 
with water or with hydrocarbon fluids. In nature, however, there is nearly al- 
ways some water present in the pores of reservoir rocks. For a very interesting 
discussion of the effects of partial water saturation in hydrocarbon systems, the 
reader is referred to Wyllie, Gregory, and Gardner (1956). 


Effects of Pressure 


The effect of pressure on velocity is also of considerable interest. In equations 
(1) and (2) we can replace the terms [x(po—p:)gZ] by C; (Po— P.) where Po is 
overburden pressure, P; is formation pressure, and C; is an appropriate constant. 
The significance of this substitution is that the pressure which enters into the 
computation of velocity is actually the difference between the overburden pressure 
determined by pogZ, and the hydrostatic pressure, determined by p:gZ. Similarly, 
in equation (3) the pressure which influences velocity is Po—cP1, where ¢ is a 
constant near unity. This thesis has been verified by laboratory experiments. 
Data taken from pulse-transmission type apparatus similar to that described 
by Hughes, et al. (1951, 1952) are plotted in Fig. 2. The apparatus differed from 
that of Hughes in that the internal pressure as well as the external pressure on 
the sample could be controlled. 

The pressure which enters into the velocity expression is the difference be- 
tween these two pressures, Py and P;. The velocity is relatively insensitive to the 
absolute magnitude of either. Thus, a sandstone having a normal pressure on its 
framework and an abnormally high pressure on its fluids will have an abnormally 
low velocity because the Py—/P,; term has become small. In similar fashion, a 
sand having an abnormally high pressure on its skeleton and a normal or low 
pressure on its fluid will have an unusually high velocity because now the Po— P; 
term has become large. 

It is well to bear these facts in mind when examining data which have ap- 
peared in the literature. Hughes and Kelly (1952) have presented data which in- 
dicate that air-saturated cores under high pressure have higher velocities than 
the same cores when water-saturated and under the same pressure. Wyllie, Greg- 
ory, and Gardner (1956) have also reported similar results. Although these data 
are completely valid, they may lead to the erroneous conclusion that natural 
formations saturated with compressible fluids have higher velocities than those 
saturated with less compressible fluids. These laboratory data cannot be con- 
sidered as typical of pressure distributions occurring in the earth. In these ex- 
periments, the cores and their contained fluids were both subjected to the pressure 
on the flexible jacket surrounding the core. In the case of one hundred percent 
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Fig. 2. Laboratory measurements of two sandstone cores showing acoustic velocity as a 
function of the difference between external and internal pressure. 


water saturation, the fluid was at approximately the same pressure as the rock, 
therefore Po— P; was near zero and the wave velocity was low. However, in the 
case of the air-saturated cores, P; was near zero and P»— P, is essentially the 
same as the pressure on the jacket. In this case, the velocity function increased 
rapidly with pressure. Although this apparent discrepancy is pointed out by 
Wyllie, et al. (1956), the phenomenon is emphasized here because it is vital to 
the conclusions reached in this paper. 

In nature, the pressure on the rock framework and the pressure exerted on 
the fluids contained in the pores of the rock may or may not be “normal” for a 
given depth. For example, a loose sand overlain by a thick competent bed may 
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have a framework pressure less than the weight of overburden above it. The 
relative position of the surface outcrop may control the hydrostatic pressure in 
an aquifer. In an aquifer of limited lateral extent and having no surface outcrop 
the fluid pressure may be either more or less than that of a column of brine 
extending to the surface. Abnormally high rock pressures and fluid pressures often 
are developed around salt domes. 


Porosity 

Brandt’s (1955) equation predicts a decrease in velocity with an increase in 
porosity. This effect has been observed in our laboratory. Sandstone cores were 
obtained from three different wells, one in Hardeman County, Texas, one in 
Sumatra, and one in Colombia. The Texas cores were of Pennsylvanian age; 
the other two were Tertiary. The cores, one inch in diameter and varying from 
about one and a half to two inches in length, were saturated with 5,000 parts per 
million salt water. Saturation values were 100 percent except in some of the less 
permeable samples in which saturation was as low as 97 percent. Velocity meas- 
urements were made with a rock framework pressure of 6,000 psi and atmos- 
pheric internal pressure. The cores represent a range in porosity from about 
3 to 30 per cent. Velocity versus porosity data are plotted in Fig. 3. 

It can be seen in Fig. 3 that a plot of Equation (1) from Wyllie, Gregory, and 
Gardner (1956) fits the laboratory data fairly well. This equation may be written 


I 
= (4) 
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where 

V.w=salt water velocity, 

V..=sandstone velocity, and 

V =time-average velocity. 
In plotting this equation V,,, was assumed to be 5,000 ft/sec, and V,, was 
assumed to be 19,500 ft/sec. The latter value appears to be a little too high. Al- 
though the cores measured were described as being sandstone, no attempt has 
been made to determine the cementing agents or other impurities in them. The 
impurities may be responsible for the velocity values being lower than expected 
for porosities below ro per cent. 


Conclusions 


In a given formation, the velocity variation one may expect from a maximum 
change in compressibility of the saturating fluid is of the order of 15 to 20 percent. 
The velocity variation one may expect due to changes in overburden and hydro- 
static pressures corresponding to depths normally encountered in petroleum 
exploration is some 20 to 30 percent. The velocity variation from porosity changes 
over the range from 3 to 30 percent was found to be about 60 percent; variations 
of 100 percent over a greater range of porosity values are conceivable. 
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Fic. 3. Laboratory measurements of a number of sandstone cores from three areas 
showing acoustic velocity as a function of porosity. 


It is generally reasonable to assume that both hydrostatic and overburden 
pressures are constant throughout the entire vertical extent of any given reservoir 
penetrated by a borehole, regardless of any variations in the porosity of the res- 
ervoir rock. In such a reservoir the velocity of sound will decrease with increased 
porosity and with increased compressibility of the saturating fluid. From a prac- 
tical standpoint, it can be said that velocity variations caused by changes in 
compressibility of the saturating fluid are most easily observed in formations of 
high porosity. As porosity decreases, these variations tend to become second 
order effects. 


APPLICATION TO LOG INTERPRETATION 
High Porosity Sands 


In the Cenozoic formations along the Gulf Coast, sands of generally high 
porosity are interbedded with shales and occasional hard, calcareous sandstones. 
The velocity log through these formations is rather monotonous, with water 
sands typically having a velocity in the neighborhood of 2,000 ft/sec higher than 
that of the adjacent shales. Hard, calcareous sands may have velocities of about 
5,000 ft/sec higher than the adjacent shales. 

Fig. 4 illustrates a comparison of velocity and resistivity logs in the upper 
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Fic. 4. Velocity and electric log comparison of upper Miocene 
section, Louisiana Gulf Coast, Ship Shoal area. 


Miocene section penetrated in a well in the Ship Shoal area of the Gulf of Mexico, 
off the Louisiana coast. In general, an anti-correlation is observed between the 
SP curve and velocity. Where the SP curve indicates sand by a deflection to the 
left the velocity is high; when shale is indicated on the SP the velocity is low. 
Two sections of alternating shales and water-bearing sands are shown, one from 
6,450-6,800 feet and another from 12,320-12,670 feet. The velocity log is shifted 
toward higher velocity in the deeper zone as might be anticipated from considera- 
tion of pressures. In particular, zone A is indicated as a sand from the leftward 
deflection of the SP curve. The velocity in zone A is about 9,200 ft/sec. Zone B 
is shown by the undulations of the SP curve to be partly sand and partly shale. 
Shale generally depresses the velocity and here we find that the velocity has 
decreased to about 8,700 ft/sec. Bed C appears to be a fairly pure shale zone, and 
here we observe that the velocity has decreased to 7,400 ft/sec. Similarly in the 
deeper section, zone D is a sand of about 12,200 ft/sec, zone E is a shale of about 
10,500 ft/sec, and zone F is another sand having a velocity about 13,000 ft/sec. 
This general correlation of high velocity sands and low velocity shales exists in 
most instances, although some exceptions are found in young formations at shal 
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low depths. Resistivity curves opposite sands in this illustration give extremely 
low resistivities, indicating that these sands are quite porous and filled with very 
salty water. 

Several writers (Vogel, 1952; Summers and Broding, 1952) have observed 
correlations between velocity logs and resistivity curves. These correlations are 
generally evident, and in some cases striking. In hard limestones both resistivity 
and velocity are high; in shales both resistivity and velocity are low. However, 
in the upper Miocene of the Louisiana Gulf, the water sands are commonly less 
resistive than the adjacent shales, although the water sand velocities are usually 
higher. Thus, a degree of anticorrelation exists in this particular case. A more 
dramatic form of anti-correlation exists when the velocity in a sand is anoma- 


VELOCITY] SP. RESISTIVITY 
THOUSANDS OF 0 OHM - METERS 
8 10 | bop | Oo | 
1 
Bik 


Fic. 5. Velocity and electric log comparison, upper Miocene section, 
Louisiana Gulf Coast, Eugene Island area. 


lously low and the resistivity is high. This is exactly the anti-correlation we are 
searching for because this is virtually certain to be a porous, hydrocarbon- 
saturated zone. Fig. 5 illustrates this anti-correlation. These logs are from a well 
in the Eugene Island area of the Louisiana Gulf Coast and show a thick upper 
Miocene sand from 8,098 to 8,217 feet in depth with low porosity (A) at the top, 
followed by 22 feet of porous sand saturated with oil or gas (B) with a transition 
to water saturation in the lower part of the sand. The hydrocarbon-water contact 
is indicated by both the resistivity and velocity log at the base of zone B, although 
SP, Microlog and normal curves indicate that possibly 100 percent water satura- 
tion does not occur above 8,157 feet. The velocity in the water zone is around 
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9,500 ft/sec; in the pay zone it is about 7,900 ft/sec. This velocity depression is 
at least of the order of magnitude predicted by theory. 

Another velocity log interpretation study is illustrated in Fig. 6. The section 
shown here is middle Miocene and the well is located in the West Cameron Area 
of the Louisiana Gulf Coast. Typical water sand response is shown in zone E, 
where the velocity is 10,000 ft/sec and all curves read values normally associated 
with water sands. In zone A, by contrast, the velocity is only 8,500 ft/sec. 
Moderate SP development, high resistivity, fairly low gamma-ray activity, and 
very high neutron response, all suggest hydrocarbon saturation which, in this 
case, is probably gas. Zone B looks similar to pay zone A on all curves except 
velocity, which reveals the presence of a thin, high velocity layer. This is therefore 
interpreted as a zone of low porosity. Zone C is possibly 8 feet of additional pay. 
Zone D is characterized by unusually high velocity and is interpreted as a very 
tight, hard sandstone. 
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Fic. 6. Velocity, electric, and radioactivity log comparison of middle 
Miocene section, Louisiana Gulf Coast, West Cameron area. 
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Fig. 7 illustrates an idealized log response in typical Gulf Coast Miocene 
sections. In shales, we would expect low velocity, low resistivity, low neutron 
count; in gas sands, low velocity, high resistivity, high neutron count; in tight 
sands, high velocity, high resistivity, and high neutron count; in oil sands, low 
velocity, high resistivity, intermediate neutron count; in water sands, fairly high 
velocity, low resistivity, and intermediate neutron count. 


Shaly Sands 


Several excellent articles (Poupon, Loy, and Tixier, 1954; and Perkins, Bran- 
non, and Winsauer, 1954) have appeared in the literature regarding interpreta- 
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Fic. 7. Idealized logs of Miocene sands and shales. 


tion of electric logs in reservoir sands containing shale. A complete discussion of 
the difficulties involved here is beyond the scope of this paper. However, the 
crux of the problem is that the resistivity index of a sand may be much lower for 
a shaly oil sand than for a similar clean sand. A portion of this difficulty arises 
because when the shale exists in very thin layers, the resistivity measuring cur- 
rent may be concentrated in the more conductive shale, and the oil sand tends 
to be by-passed in the resistivity measurement. The anisotropy of the electrical 
properties of the sandwich distort the field of investigation of resistivity logs. 
The velocity signal is a vertical measurement. No zone may be by-passed, but in 
the case of a sequence of thin layers, the total travel time recorded is the sum of 
each incremental travel time. Generally, the shale contained in a sand will tend 
to depress the velocity, but only in proportion to the actual shale present. One 
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additional feature which simplifies interpretation of velocity logs is that the 
velocity log is completely insensitive to any bed which is not within the six-foot 
vertical interval separating the sound source and receiver. Thus, any bed that is at 
least six feet thick yields an accurate velocity measurement, and no adjacent bed 
above the transmitter or below the receiver can make any contribution to the 
velocity log. 

The Permian Delaware sand of West Texas is a notorious example of the 
dithculties of electric log interpretation in shaly or ‘‘dirty” sands. The evaporite 
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Fic. 8a. Velocity, electric, and radioactivity log comparison, 
Delaware Basin. Well No. 1. 


section above the Delaware contains salt beds, so the drilling fluid is usually 
saturated with salt. The Delaware sand, where oil is present, is typically a recur- 
ring sequence of oil sand, water sand, shale, oil sand, water sand, etc. The thick- 
ness of each of the individual sand and shale beds may be of the order of inches. 
Fig. 8a and 8b present logs from two wells in the Delaware Basin. These wells 
are about 1 mile apart. Zone C is anhydrite, underlain by a black, calcareous, 
highly radioactive shale extending downward to zone D. Zone D is the uppermost 
portion of the Delaware sand. This sand section, interrupted b: occasional thin 
beds of shale (as at A and B) extends downward through the remainder of the 
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logged intervals. Correlation between Wells No. 1 and No. 2 is established by the 
base of the anhydrite and by the persistence of the two shale beds at A and B. 
Well No. 1 (Fig. 8a) made water with some very light shows of gas on drillstem 
tests. Production casing was not set, and the well was abandoned. Well No. 2 
(Fig. 8b) was completed from an interval in zone D flowing 207 barrels of oil per 
day with gas-oil ratio 6,000:1. The Laterolog of Well No. 1 records an apparent 
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Fic. 8b. Velocity, electric, and radioactivity log comparison, 
Delaware Basin. Well No. 2. 


resistivity of about 6 ohm-meters in zone D, while the apparent resistivity of the 
same zone in Well No. 2 is 8 to ro ohm-meters. The minimum velocity recorded 
in zone D in Well No. 1 is 12,000 ft/sec and the average about 13,000 ft/sec; in 
Well No. 2 the average is about 10,500 ft/sec. It may also be observed that the 
Microlaterologs suggest higher porosity and the gamma-ray logs ‘‘cleaner’’ sand 
(lower clay content) in the producing well than in the dry hole. 


Low Porosity Formations 


In the previous figures porosity development in the better sands has been 
greater than 20 percent. When we come to the less porous rocks we find that the 
compressibility effect on velocity is attenuated. Whereas in sands of 30 percent 
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porosity we could expect that the saturating fluid would influence the velocity by 
2,000 ft/sec, in rocks of 10 percent porosity this effect may be attenuated to 500 
ft/sec, and probably becomes negligible. 

The compressibility of the saturating fluids is an important factor in deter- 
mining the velocity of sound in reservoir rocks of high (20 to 30 percent or more) 
porosity. In rocks of low porosity, the compressibility of the saturating fluid be- 
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Fic. 9. Velocity and electric log comparison, Midland Basin. Lower left 
insert shows porosity from core analysis. 


comes much less significant and the dominant factor is the rock itself. The 
velocity log in low porosity formations, therefore, finds its greatest application 
in distinguishing extremely compact formations from those containing fluid. Fig. 
g is a log of a well in the Midland Basin of West Texas, completed through per- 
forations in the Devonian lime for 4o1 barrels of oil per day with gas-oil ratio 
500: 1. It will be observed that velocities are quite high in this limestone. Porosity 
values shown represent a six foot running average. As previously mentioned, six 
feet is the spacing between sound source and detector in the continuous velocity 
log. A reasonably good correlation between the porosity data and the velocity 
log is apparent. The electric log “‘limestone curve” and Microlog are correlated 
with the porosity and velocity logs. 


12 
| 
; } 
| 
| 
| 


WARREN G. HICKS AND JAMES F. BERRY 


> 


REFERENCES 

Brandt, H., 1955, A study of the speed of sound in porous granular media: Trans. ASME, v. 22, p. 479. 

Elfrink, E. B., 1952, The compressibility of hydrocarbon liquids saturated with natural gas: Magnolia 
Petroleum Company, unpublished report. 

Gassman, F., 1951, Elastic waves through a packing of spheres: Geophysics, v. 16, p. 673-685. 

Hughes, D. S., and Cross, J. H., 1951, Elastic wave velocities at high pressures and temperatures: 
Geophysics, v. 16, p. 577-593. 

———., and Kelly, J. L., 1952, Variation of elastic wave velocity with saturation in sandstone: 
Geophysics, v. 17, p. 739-752. 

Perkins, F. M., Jr., Brannon, H. R., Jr., and Winsauer, W. O., 1954, Interpretation of resistivity and 
potential of shaly reservoir rock: J. Pet. Tech., v. 6, p. 29. 

Poupon, A., Loy, M. E., and Tixier, M. P., 1954, A contribution to electric log interpretation in shaly 
sands: J. Pet. Tech., v. 6, p. 271. 

Summers, G. C., and Broding, R. A., 1952, Continuous velocity logging: Geophysics, v. 17, p. 508 
614. 

Vogel, C. B., 1952, A seismic velocity logging method: Geophysics, v. 17, p. 586-597. 

White, J. E., and Sengbush, R. L., 1953, Velocity measurements in near-surface formations: Geo- 
physics, v. 18, p. 54-69. 

Wyllie, M. R. J., Gregory, A. R., and Gardner, L. W., 1956, Elastic wave velocities in heterogeneous 
and porous media: Geophysics, v. 21, p. 41-69. 


: 
2 
= 
4 
y 
; 
‘a 
4 
a 
4 


GEOPHYSICS, VOL. XXI, NO. 3 (JULY, 1956), PP. 755-764, 10 FIGS, 


UNUSUAL REFLECTION EVENTS IN 
OFFSHORE SEISMIC WORK* 


L. G. ELLISf anp A. C. WINTERHALTERT 


ABSTRACT 


A number of unusual reflections were recorded during a reflection seismograph survey by the 
Sun Oil Company in the Gulf of Mexico. These reflections are such as to indicate horizontal travel 
paths. A limited amount of work was done to try to determine the nature of the reflecting sources. 
Although conclusive evidence as to their exact nature was not obtained, this work indicates the 
sources are associated with rather small areas of the Gulf floor. Sonic depth finder recordings over 
some of these areas can be interpreted as indicating they are small silt filled depressions. 


INTRODUCTION 


During a reflection seismograph survey by the Sun Oil Company off Padre 
Island in the Gulf of Mexico in the early part of 1951, some unusual reflections 
were recorded. The stepouts of these reflections across the records are such as to 
suggest that the travel paths were horizontal or nearly horizontal. These reflec- 
tions were recorded using pressure type detectors and straddle spreads with the 
detectors extending 1,200 ft on each side of the shot point. Shoran was used for 
position location. 

Seismograph lines in a limited area where such records were obtained are 
shown in Fig. 1. Within the area shown in this figure, there are at least eight dif- 
ferent sources of these reflections. These sources are approximately located by 
the small circles. The smaller areas marked “A” and ‘“B” and outlined by the 
dotted rectangles were selected for special study. 


DISCUSSION OF RECORDS AND METHODS OF LOCATING REFLECTING SOURCES 


Area “A,” which centers about ten miles from shore in water approximately 
go ft deep, is shown in detail in Fig. 2. The most striking series of records was 
recorded along ‘‘K”’ line in this area. These records, which are shown in Fig. 3, 
indicate reflections from three different sources. These reflections are numbered 
1, 2, and 3. The number 3 reflection does not line up across the records in the 
figure due to the fact that this reflection was recorded at record times in excess 
of six seconds while the camera was slowing down. Reflections from these three 
sources recorded on the north-south “Z”’ line are shown in Figs. 4 and 5. 

In order to obtain the approximate locations of the reflecting sources, perpen- 
diculars were drawn to the seismograph lines through the detector positions 
recording the minimum reflection times. The intersections of perpendiculars 


* Presented at the Annual Gulf Coast Regional Meeting of the Society in Houston, Texas, on 
May 29-30, 1952. Manuscript received by Editor August 29, 1955. 
¢ Sun Oil Company, Beaumont, Texas. 
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Fic. 1. Seismograph lines in the Gulf of Mexico in the vicinity of areas of unusual reflection events 


identified as being associated with reflections from the same source gave the ap- 
proximate location of the source. 

Apparent propagation velocity was obtained by plotting a time-distance curve 
using data from reflections from source number 1 received at locations from “A” 
to ““B” on line ‘‘S” as shown in Fig. 1. This plot is shown in Fig. 6. The slope 
of the line through the plot of these data corresponds to a velocity of 4,940 ft 
/sec, and, although no water temperature or salinity measurements were made 
during this portion of the work, it is regarded as a reasonable velocity for reflec- 
tion paths within the water body. Calculations based on published data (Adams, 
1942, p. 872-878) indicate that this velocity is the approximate velocity for 
sound in sea water of the average salinity of 35 parts per thousand at a tempera- 
ture of 16°C 

Using a velocity of 4,940 ft/sec and reflection times to various detector loca- 
tions, limiting arcs were drawn in an effort to check the locations and to define the 
boundaries of the reflection sources. It was not possible to define the boundaries 
by this method. This failure was attributed to the following: (1) it was difficult 
and at times impossible to pick the initial points on many of the reflections since 
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Fic. 3. Seismic records along “K”’ line “A” area showing unusual reflection events. 


they are weak and obscured by normal reflections or other energy returns, and 
(2) the dimensions of the reflection sources are apparently of the order of magni- 
tude of the limits of accuracy of the surveyed locations of the shot points and 
detectors. Nevertheless, the groupings of the arcs were such as to indicate the 
general locations of the sources as shown by the large circles in Fig. 2. 

During the course of this work, it was decided to cover the area with a sonic 
depth finder in order to try to locate any abnormalities in the Gulf floor over these 
locations. Accordingly, depth finder records were obtained on thirteen parallel 
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Fic. 4. Seismic records along “ZL” line “A” area showing unusual reflection events. 


north-south lines and on three east-west lines, each about 5,000 ft long. The 
depth finder used in this work was a Type DR-3 Bendix Marine depth finder 
operating on a frequency of 50 kc. The locations of the north-south lines are 
shown in Fig. 2. The east-west lines are not shown because of the possibility of 
the figure becoming illegible due to crowding. However, one was located ap- 


Fic. 5. Seismic records along “L” line ‘A’ area showing unusual reflection events. 
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proximately through the points numbered ‘‘2” on the north-south lines, another 
was located approximately along seismic line ‘‘F,” and the third was located half 
way between these two lines. 

The depth finder records revealed three irregularities approximately over the 
three positions previously determined. Each irregularity took the form of a slight 
widening of the depth finder trace. Such a widening is usually attributed (Adams, 
1942, P. 545-571) to the thickening of the mud bottom or to a soft spot in the 
bottom. A series of these depth finder records is shown in Fig. 7. It should be 


Fic. 6. Time-distance curve from data obtained from reflections from source number rf. 


noted that while the north-south depth finder lines 1, 3, and 5 and the two 
southernmost east-west lines showed these irregularities, the northernmost east- 
west line, lines 2 and 4, and the remaining north-south lines showed no such 
irregularities. From these depth finder records, it appears that the areas of in- 
terest are rather small. It is possible, however, that the reflection returns are 
associated with an area in each case which includes part of the area of slope of 
the Gulf floor into the soft spot area. It is also possible that the greater portions 
of the reflecting sources are buried and, therefore, would not be entirely revealed 
by the depth finder. 

The results of all three methods of locating the reflecting sources are shown 
in Fig. 2. The agreement of the locations by the various methods is considered 
good in view of the problems involved. The locations determined by the depth 
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Fic. 7. Sonic depth finder charts across reflection sources in “A” area. 


finder, however, are undoubtedly the most accurate if we concede that the reflec- 
tion sources are associated with the soft spot areas. 

Immediately following reflection number 1 in Fig. 3 are two additional re- 
flections. The authors have not been able to explain these reflections to their 
satisfaction; so they will not attempt any discussion of them except to say that 
they appear to be associated with source number tr. 

In the ‘‘B” area, there is only one reflecting source. Seven depth finder lines 
were run in the vicinity of this source. The records show a pronounced widening 
of the trace on three of these lines over the reflecting source as did the records 
over the sources previously discussed. The depth finder records on these three 
lines are shown in Fig. 8, and the locations of the lines are shown in Fig. 9. Fig. 10 
shows a contour map of the Gulf floor which is based on data from the seven 
depth finder runs. The soft spot area, as revealed by the depth finder, is shown 
cross hatched. 


EFFORTS TO DETERMINE NATURE OF REFLECTING SOURCES 


An effort was made to obtain additional information as to the nature of the 
reflecting sources by refraction shooting. Two refraction fans were shot over 
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sources 1, 2, and 3 in ‘‘A”’ area. The distances from the shot points to the detec- 
tor stations ranged from 2,000 to 5,000 ft. These refraction fans were arranged 
so that the distances from the detector locations to the reflecting sources ranged 
from zero to approximately 1,600 ft. The sources, of course, were always between 
the shot point and the detectors. These fans should have revealed the presence 
of any large masses having appreciable velocity contrasts to the velocities of the 
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Fic. 8. Sonic depth finder charts across reflection source in “B”’ area. 


surrounding sediments located just below the Gulf floor in the vicinity of the 
sources. No evidence of any such masses was found. 

The depth finder results previously discussed led to the suggestion that the so 
called soft spots might be associated with artesian water flows into the Gulf and 
that the reflections might be due to velocity contrasts above the soft spots caused 
by differences in specific gravity and temperature between the surrounding water 
and the artesian flows. To check this hypothesis, measurements of temperature 
and specific gravity of the sea water were made in the vicinity of a reflecting 
source in another area located considerably to the north of sources 1, 2, and 3 and 
not shown in any of the figures. These measurements were made in a grid pattern 
over a limited area with separations of 300 to 600 ft and in a grid pattern over a 
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Fic. g. Seismic and sonic depth finder lines in “B” area. 
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Fic. 10. Contour map of Gulf floor in “B” area derived from depth finder recordings. 
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much larger area with separations of 1,200 ft. Both grid patterns were centered 
over the reflecting source. Specific gravity measurements were made of near sur- 
face samples and near bottom samples. Surface temperatures were measured but 
bottom temperatures were not obtained because of failure of the temperature 
measuring apparatus. A total of 134 specific gravity measurements were made. 
A typical series of measurements averaged 72°F. for the temperature measure- 
ments and 36.3 parts per thousand for the salinity measurements. Under such 
conditions, the velocity of sound in sea water is approximately 5,005 ft/sec. The 
maximum difference of specific gravity observed for any series of measurements 
including surface and bottom measurements corresponds to a difference of sa- 
linity of only 5 parts per 1,000. Such a difference would result in a change in 
velocity of approximately 25 ft/sec. The maximum surface temperature differ- 
ence for any series of measurements was 2 degrees Fahrenheit which corresponds 
to a change in velocity of approximately ro ft/sec. 

The variations in the salinity and temperature measurements are such that 
they give no evidence of any artesian water flow in the area, and the velocity 
discontinuities that might arise from these variations are considered to be too 
small to produce the reflections recorded. 

CONCLUSIONS 

In conclusion, it can be said that the nature of the reflecting sources is still 
not exactly known. The depth finder recordings can be interpreted to indicate 
mud or silt filled depressions which conceivably might form the reflecting areas. 
In any event, it must be concluded that in the general area there are a number of 
relatively small areas on or just below the Gulf floor which have the necessary 
acoustical properties to give rise to seismic reflections that can be recorded over 
considerable distances. 

REFERENCE 
Adams, K. T., 1942, Hydrographic Manual: Washington, U. S. Govt. Printing Office. 
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SOME UNUSUAL REFLECTIONS OF SOUND IN THE OCEAN* 


RICHARD L. BURLINGT 


ABSTRACT 


Occasionally, in routine seismic exploration for submarine structures, seismograms are obtained 
which show energy returned by something within the ocean. This effect is shown to result from rela- 
tively small, motile, gregarious objects, such as whales. 


In routine seismic exploration of submarine geologic structures by the reflec- 
tion method, it is usual to detonate an explosive a few feet below the ocean sur- 
face, and detect the reflected energy by means of an L-shaped array of detectors 
also a few feet below the surface. The first arrival of energy is normally that which 
has traveled directly from the shot to the detector through water; except that in 
quite shallow water, energy that is critically refracted so as to travel approxi- 
mately horizontally through the rock near the ocean bottom, may arrive first. 
Again except in very shallow water, the arrival of the ocean bottom reflection is 
usually quite distinct from the direct arrival. In surveying the continental shelf 
off the coast of Santa Barbara and Ventura Counties in southern California, many 
records have, however, been obtained in which there is also energy (other than 
the ocean bottom refraction) arriving between the direct water-borne wave from 
the shot and the ocean bottom reflection. Some of these arrivals, apparent only 
on the records from quite deep water, represent air-borne sound from the shot, 
since their arrival times are proportional to, and about five times as great as, 
those of the direct water-borne first breaks. Others have moveouts and ‘“‘curva- 
tures’’ exactly equal to those of the first breaks, so must represent bubble noise. 
There still remain, out of a total of the order of a thousand shots, 32 records on 
which the arrivals must have other explanations, and there has been some specu- 
lation as to their origin. They were obtained where ocean depths varied from 400 
ft to 1,000 ft. Fig. 1 reproduces the two records showing the strongest arrivals; 
others vary down to the limit of bare detectability. No automatic volume contro! 
was used. 

Certain characteristics of the arrivals enable one to reject some hypotheses as 
to their origin. The large moveout curvatures (usually even larger than those of 
the first breaks) preclude attributing these arrivals to any nearly-level nearly- 
plane reflector such as a hypothetical layer of marine organisms or discontinuity 
in the density of sea water. The facts that, while observed on only a small frac- 
tion of the records, these arrivals quite often appear to tie from one record to the 
next, that two or more distinctly different arrivals frequently appear on the 
same record, and that no such arrivals have been observed before the first breaks, 


* Manuscript received by the Editor February 3, 1955. 
+ Pendle Hill, Wallingford, Pennsylvania. 
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Fic. 1. Records showing arrival of energy (7) between that coming direct from shot to detectors 
(D) and that reflected from the ocean bottom (QO). T indicates the detonation time. The positions of 
the detectors, identified by numbers to the left of the traces, are mapped in Fig. 5. 


exclude explanations requiring a random accident such as the explosion of an odd 
can of powder, the backfiring of a boat motor, or a shot by another seismograph 
party. 

If it can be assumed that the wave front for such an arrival is, at least to a 
first approximation, spherical (and this will include plane as a special case), then 
one can locate the center of this spherical wave front by using the observed move- 
outs and the known locations of the detectors. This center might in general be 
either a source of sound, a relatively small diffracting object scattering sound 
received from the shot, or a geometrical image of the shot point formed by some 
reflector, plane or curved. The computation locating this center is, unfortunately, 
very sensitive to the exact positions of the detectors, so cannot be carried out very 
accurately. In most cases the arrivals form a smooth curve on which one can find 
the position at which the energy first arrived, and to which there corresponds a 
“short-time” position on the cable along which the detectors are spaced. The 
center of the wave front should lie in a plane perpendicular to the cable at this 
short-time location. The center can be further restricted to a curved line locus in 
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SHORT-TIME 
POSITION 


CABLE 


Fic. 2. The geometrical relationship leading to Equation (1) for the distance r between the center s 
of the wave front and the short-time position on a straight cable. 


this plane by making use of the moveout representing the difference between 
the times of arrival at the short-time position and at the end of the cable. In the 
special case of a straight cable, this locus is a circle with its center at the short- 
time position, and a radius given by 


(1) 


where y is the distance between the short-time position and the end of the cable, 
and A is the moveout expressed in units of distance by multiplying the moveout 
time by the velocity of sound in water. See Fig. 2. In the more general case of 
a curved cable, the locus is an ellipse, being the intersection of the plane already 
mentioned with the two-sheet hyperboloid of revolution which is the locus of a 
point whose distance from two fixed points, the short-time position and the end 
of the cable, differ by a fixed amount, the moveout A. To find the location and 
shape of this ellipse, one can easily locate on it three points indicated in Fig. 3, 
where the r’s are given by Equation (1) and the following: 


= 2(A — 5) (2) 
yt (a +9) 
2(A + 5) 


If an arrival can be identified on both the line and cross cables, the intersection 
of the two planes through the short-time positions defines a vertical line on which 
the center of the wave front must lie. The intersections of this vertical line with 
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Fic. 3. Location of center of wave front for a curved cable. The upper part of the figure is a 
plan view of the cable. The lower part is a vertical plane through the short-time position, and shows 
the elliptic locus on which the center of the wave front must lie. 


the elliptic loci in the two planes should be nearly coincident, and locate the 
center of the wave front. 

Having located the center of our wave front, we can now use the observed 
time of the arrivals that we wish to interpret to distinguish among centers repre- 
senting (1) a diffracting point, (2) a virtual image formed by a concave or con- 
vex reflector, and (3) a real image formed by a concave reflector, as illustrated in 
Fig. 4. We have case (1), (2), or (3), according to whether the actual observed 
arrival time is equal to, less than, or greater than, the time that would be required 
for a signal to go from the shot point to the center of the wave front and then 
to the detector. This same distinction can also be made independently, in cases 
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Fic. 4. Three different cases of reflection of sound from the same source s, giving rise to 
wave fronts w having the same shape and the same center. 
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in which there is a clear tie from one record to the next, by observing whether the 
center of the wave front determined from one record is in the same location 
(relative to a map of the ocean, not to the boats and cables) as that determined 
from the next record. We have case (1), (2), or (3) depending on whether the 
center of the wave front remains fixed, moves in the same general direction as the 
shot point, or moves in the opposite direction. 

Centers have been determined, by the method outlined, for four cases in 
which it was fairly clear that one had corresponding line and cross cable arrivals. 
Three of these are from records shown in Fig. 1. The cable layouts are shown 
in Fig. 5. In all four cases, the arrival times agreed (to within about three mil- 
liseconds) with the interpretation of that center as a diffracting point rather 

36" 


SECTION A-G C SECTION C-8 


36 


DEPTH 440' 


SECTION A'-C' SECTION C'-B' 


<? 


1000 FEET 


Fic. 5. The left portion of the figure is a plan showing relative locations of the shot points. 
sand s’, and the detectors, numbered from 1 to 36 for each of the two shots used for the seismograms 
of Fig. x. The right portion represents vertical planes with the elliptic loci on which the center of the 
wave front must lie; the cable crossing the section at J. The locations determined independently from 
the two shots coincide within experimental error. 


that a reflected image. Two of these cases constituted a record-to-record tie, and 
determined center locations within fifty feet of each other (see Fig. 5); again 
favoring their interpretation as a diffracting point (i.e. a relatively small object). 
Two of the three locations determined were about 500 feet below the surface of 
the ocean, so that the interpretation of the diffracting points as being boats, or 
other objects floating on the surface, is not tenable. The ocean-bottom reflections 
(O) tie well, and indicate a reasonably smooth bottom at a depth of about 800 
feet even precisely beneath the diffracting point. Thus the diffractors could not 
easily be objects resting on, or pinnacles projecting from, the bottom. It is difficult 
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to imagine an inanimate object that could remain suspended in stable equilibrium 
in water. It would have to have automatic control devices or the rather unlikely 
combination of a density equal to that of sea water with a compressibility even 
smaller than that of sea water. A sunken vessel, for example, would have to con- 
tain air in order to have the right density, but this air would give it a very large 
compressibility, so that its equilibrium would be unstable, and it would either 
rise to the surface or sink to the bottom. An object (such as a mine or submarine- 
net float) which was anchored, or trailed a chain or cable long enough to reach 
the bottom, would meet the requirements, possibly even that of being gregarious. 
But, considering also the fact that the arrivals often fail to tie from one record 
to the next, it would appear necessary to conclude that the diffractors are animate, 
i.e., that they are whales, large fish, small submarines, small compact schools of 
fish, or such. 

Since some of the arrivals appear to result from small diffracting objects, one 
might tentatively experiment with the assumption that the rest of them are also 
to be interpreted in the same way. It is then possible, by using the observed time 
of arrival, to locate the diffracting center even in cases in which one does not have 
clearly correlated arrivals on both the line and cross cables. For three additional 
arrivals, locations were computed in this way, two of these three tied with arrivals 
on other records for which computed locations have already been mentioned. In 
each case, the location coincided within experimental error with that previously 
obtained. It would appear that, if the diffractors are motile, they do not mind 
our shooting—at least they often do not object strongly enough to swim away. 

The author wishes to express his indebtedness to Mr. Calvin Kirby and Mr. 
Carl Savit of Western Geophysical Co. for their encouragement and suggestions, 
and to the Western Gulf Oil Company for permission to reproduce parts of their 
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OBSERVATION OF THE VERTICAL GRADIENT 
OF GRAVITY IN THE FIELD* 


STEPHEN THYSSEN-BORNEMISZAf ano W. F. STACKLERfT 


ABSTRACT 


Field observations of the anomalous vertical gravity gradient were made at Houston, Texas, 
and over the Turner Valley structure near Calgary, Alberta, Canada. The results obtained are en- 
couraging, but the precision of the measurements was to some extent reduced by vibrations generated 
in transporting the gravimeter up and down the tripod, as well as by gusts of wind. 


INTRODUCTION 


The main purpose of this paper is to present, probably for the first time, 
measurements of the vertical gravity gradient taken along a profile crossing a 
known geologic structure. The technique about to be described is still subject to 
serious limitations brought about by unfavorable atmospheric conditions. 

It is possible today to calculate theoretically the vertical gradient of gravity 
from free air values of gravity observed over a surveyed area; and papers by Ev- 
jen (1936), Hofmann (1949), and Kosbahn (1949) give the necessary formulae. 
However, a function derived from another function cannot possibly introduce 
something really new. The derived function is bound to suffer from all the defects 
carried by the original function. 

Conditions today are quite similar to those existing twenty-five years ago. At 
that time isogams were calculated and drawn from torsion balance values of the 
horizontal gravity gradient without recourse to actual measured values of 
gravity. Recently, however, high precision gravimeters have, to a large extent, 
superseded the older and more tedious procedures involved in the use of the 
torsion balance. The authors believe that observed values of the vertical gravity 
gradient could be used advantageously in order to improve present day gravity 
surveys. 


EARLY EXPERIMENTAL EFFORTS 


It has been known for some time that it is possible to determine the vertical 
gradient of gravity from observations of gravity with the gravimeter at two 
points, one above the other, at a known difference in elevation. Studies of 
this type have been made in the past making use of high buildings and vertical 
shafts. The early gravimeter did not have sufficient accuracy to produce satis- 
factory determinations of the vertical gravity gradient, and observations in 
buildings or shafts at that time were carried out principally for obtaining a cali- 
bration of the gravimeter (Schleusener, 1935). 


* Manuscript received by the Editor December 1, 1955. 
t Independent geophysicists in Cuba and Canada. 
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The first practical vertical gravity gradient observations were published by 
Hammer (1938) making use of large vertical elevation differences in high build- 
ings.! Later, Thyssen-Bornemisza (1944) presented vertical gravity gradient ob- 
servations utilizing quite small elevation differences ranging from one to five feet. 
The intent of the latter author at that time was gradually to increase the ele- 
vation difference to an amount suitable for practical field work. This result could 
not be achieved, although movable tripods and towers were utilized in later ex- 
periments. Vibrations set up in moving the gravimeter up and down, and by gusts 
of wind, prevented a satisfactory precision.” 

Results of a more recent experiment carried out by Houston Technical Labo- 
ratories, making use of a light-weight Worden gravimeter and a 12 foot tripod, 
are shown in Fig. 1. The value obtained for the vertical gravity gradient, making 
use of all the readings, was 3062.8 + 37.1 Edtvés units® and omitting the disturbed 
first reading, 3074.2 +4.1 Eétvés units. The total time required to make these ob- 
servations and to obtain this single-station value of the vertical gravity gradient 
was one and one-half hours. 


EXPERIMENTAL FIELDWORK 


Following these early attempts at measurement of the vertical gravity gradi- 
ent the present senior author carried out some more extended field experiments of 
the type just described. For this purpose Gravimeter Party No. 3 of the Jensen 
Surveys Ltd., Calgary, Alberta, Canada, was used. This party was equipped with 
a Worden gravimeter! and cooperated closely with Dr. W. F. Stackler in the 


field. 

It was soon learned that the observer should not touch the gravimeter and 
tripod in making the observations. Therefore, the observer was supplied with an 
independent platform or ladder as shown in Fig. 2 upon which to stand while 
taking readings. The tripod bearing the instrument provided an elevation dif- 
ference of 12.542 feet. 

It was necessary to develop an improved technique in order to speed up the 
readings, and the moving of the gravimeter up and down the tripod. Advantages 
had to be taken of the relatively calm period between gusts of wind and it was 
necessary to keep the instrument drift under control. After some experience the 
average observation time of one regular set-up was reduced to from ten to fifteen 
minutes covering the series of observations at ‘‘down-up-down-up-down.”’ Every 
single ‘‘down”’ or ‘“‘up” consisted of four separate readings. The drift correction 
generally could be neglected because of the short time interval between two 


Consult Table IIT. 

2 In order to reduce vibrations it has been suggested by Thyssen-Bornemisza (paper presented 
at the 34th Annual Meeting Section Geodesy of the A.G.U., Transactions 1953, p. 323) to make use 
of a special swing system for moving the gravimeter up and down. 

31 Eétvés unit=1 c.g.s. 

4 Worden instrument No. W 129 with scale constant 0.09607 mg/division. 
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Fic. 1. Measurements of vertical gravity gradient of Houston Technical Laboratories. Meter 
constant = 0.021098 mg/division. Elevation difference = 11.198 feet. 
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Fic. 2. Observing the vertical gradient of gravity. Elevation difference =12.542 feet. 


“down” or two “up” observations, equal to about five minutes. As a general rule, 
observations had to be discontinued with wind conditions turning unfavorable. 
This was the case when the frequency of wind gusts increased beyond a certain 
point. 


THE GRADIENT PROFILE OVER THE TURNER VALLEY STRUCTURE 


The Turner Valley structure near Calgary provided a suitable formation over 
which to run an experimental profile. Previous gravimeter surveys (Stackler 
1954, 1955) and the geology of that area suggested relatively large fluctations of 
the anomalous vertical gradient of gravity. 


77 
a 
F 
é 
; 
/ 


OBSERVING VERTICAL GRAVITY GRADIENT 


GE 4 


LEGEND 


PASKAPOO 


EDMONTON - BELLY RIVER 
ALBERTA 


UPPER BLAIRMORE 


(Fault 


~—_ Formation boundary 


Inferred subsurface 
trace of sole fault 


775 


3° IN MILES 


1955 so as to take advantage of good weather conditions. 


| 


Fic. 3. Station locations in Turner Valley field for observed vertical gravity gradient. 


Fig. 3 shows the layout of stations. Eleven separate stations were occupied 
with the interval of one half mile between stations. Observed quantities are given 
in Table I and the cross section of the vertical gradient profile is shown in Fig. 4. 
It will be seen that the precision over the whole profile is 10.1 Eétvés units. Table 
II gives the bulk density of the various geologic formations encountered in the 
area. These values were obtained from 267 separate density determinations. 
These studies just described were carried out during the latter part of July, 
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Fic. 4. Results of gravity intensity 


and observed vertical gradients in Turner Valley field. 
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TABLE I 


ELEVEN OBSERVED STATIONS ON TURNER VALLEY STRUCTURE 


Observed g between 
“up” and “down” in 

Single Average 
o.ol mg 0.01 mg 


I 
N.E. Corner Sec. 33 


2 
N.C. Line Sec. 33 


119.99 
120.09 
118.84 
11g.22 


120.76 120.40 


114.80 
114.52 
114.71 
112.79 
113.94 
114.52 
115.38 


Elevation 


12. 


Vertical 

Grad.— 

Normal 
in Eétvés 


Vertical 
Gradient 
in Eétvés 


Departure 
from 
Normal in 
Percent 


542 8.1 


3 
N.E. Corner Sec. 32 


4 
N.C. Line Sec. 32 


125.32 
120.49 120.45 
119.55 


05 


6.6 


+ 97 


2.15 £0.44 


3.14t0.21 


5 
N.E. Corner Sec. 31 


116.34 
117.49 
117.49 
116.92 
115.87 
115.87 
115.48 
115.09 
114.52 


116.08 12 


3,036.6+78.1 — 40 


N.C. Line Sec. 31 


N.E. Corner Sec. 36 


N.C. Line Sec. 36 


9 
N.E. Corner Sec. 35 


10 
N.C. Line Sec. 35 


117.99 
118.09 
120.70 


118.93 


12.5 


1.59+0.26 


0.81+0.75 


123.31 
123.30 
122.78 


123.13 


12.5 


4,6 +135 


123.30 
122.58 
123.20 


123.03 


III.52 
113.19 
115.27 


12. 


542 


.Q2 


120.80 
120.80 
120.80 


II 
N.E. Corner Sec. 34 


107.45 
107.03 
107.45 


12. 


542 


3.7 —178 


in 
Feet 
12.542 
3,149.6+ 9.7 + 64 2.07+0.31 
121.05 
121.32 
122.16 
6 
‘ 8 
120.80 12.542 3,160.1+ o 2.40+0.0 
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TABLE II 
DENsITY VALUES IN TURNER VALLEY AREA 

Relative Bulk 

Formation Type Thickness D 

in Feet ensity 
Tertiary Paskapoo Fresh Water, ss+shale 2,700 2.36 
Cretaceous Edmonton Fresh Water, ss+shale 2,600 2.47 
Cretaceous Bearpaw Marine, ss+shale 600 2.35 
Cretaceous Belly River Fresh Water sandstone 2.46 
Cretaceous Upper Alberta Shale Fresh Water sandstone 4,600 2.52 
Cretaceous Lower Alberta Shale Marine, ss+shale 2.39 
Cretaceous Kootenay & Blairmore Fresh Water, ss+shale 6 ee 
Jurassic Fernie with coal seams J 
Mississippian Marine 2,600 { 2.62 
\2.56 

CONCLUSIONS 


We believe that we have shown by experiment that it is possible to make prac- 
tical vertical gravity gradient measurements in the field through the use of a 
sensitive gravimeter when proper care is taken. It has been pointed out that gusts 
of wind may interfere with the field observations and that observations should be 
undertaken during periods of good weather.{ Theoretical and practical implica- 
tions resulting from these observations cannot at present be appraised completely 
and more experiments are obviously necessary before a final judgment of the 
practicability of the procedure can be made. 


TABLE III 
EXPERIMENTAL VALUES OF VERTICAL GRADIENT OF GRAVITY 


Observed Deviation 
Elevation Vertical from 
Experimenters Year Range in Gradient, Normal 
Feet mg/meter Value in 
Percent 
Jolly 1881 68.913 —0.295 —4} 
M. Thiesen 1890 37.660 —0. 303 —2 
Scheel+ Diesselhorst 1895 97-541 —o. 289 —64 
Richarz+ Kriegar-Menzel 1898 7.424 —0. 285 -7 
Values obtained with Gravimeters 
S. Hammer 1938 953-4 —0.3128 +1.4 
Empire State Bld., New York +0.0003 
St. Thyssen-Bornemisza 1943 1.64 —o.310* +0.5 
+0.006 
Houston Techn. Laboratories out-door 1953 11.198 —0. 3063 —o.8 
observation +0.0037 
Thyssen-Bornemisza+Stackler (fieldwork 1955 12.542 —0.3096F +0.33 
by Jensen Surveys Ltd) +0.co10 


* See footnotes pp. 38, 40, of the paper: Thyssen-Bornemisza, St., 1944. 

t Average value obtained from observations at eleven different "localities over Turney Valley 
structure in Alberta, Canada. Compare Table I for details. 

t Vertical gradient observations, if carried out under water, should be less disturbed by this kind 
of interference. 
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Attention is called to the comparison of the vertical gradient profile with the 
isopach residual profiles calculated and plotted by Stackler (1955) in his paper. 
The comparison may suggest that, in the case where the datum plane of a survey 
is close to the surface, observed vertical gradient values could be used for improv- 
ing on the free air correction and on the gravimetric presentation of the surface 
geology. 

At the end of this paper there is given in Table III the gradual improvement in 
vertical gravity observations during the course of this development. Some his- 
torical measurements also are included. 
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POTENTIAL AND APPARENT RESISTIVITY 
OVER DIPPING BEDS* 


JEROME CHASTENET DE GERYf ann GEZA KUNETZt 


ABSTRACT 


The potential field due to a point source of current, located on the surface of the earth near a 
dipping bed, is given in an exact expression and modified expressions are developed for computations. 
These expressions lead to graphs of the potential field and to apparent resistivity vertical profiles 
which are presented. The Schlumberger electrode configuration is used. This configuration consists 
of two current electrodes and two potential electrodes, the latter placed close enough together that 
the current density between them can be considered to be uniform. With this configuration oriented 
perpendicular to the strike of the dipping bed, the apparent resistivity is paradoxical in that it ap- 
proaches either zero or infinity as the electrode separation increases without limit. 


INTRODUCTION 


In a recent paper, Maeda (1955) presented a complete solution to the dipping 
bed problem in electrical prospecting. Van Nostrand and Cook (1955) followed 
that paper with a critical review of the literature treating the problem, empha- 
sizing in particular the limitations of the so-called ‘‘image method.” Previously, 
Chastenet de Géry and Kunetz at the E.A.E.G. meeting in Milan had also pro- 
tested against the misuses of the image method and had given an exact theoreti- 
cal solution for arbitrary dips and resistivity contrast, together with several 
numerical examples and practical charts. Huber (1955) offered an alternate com- 
plete solution based upon the analogous electrostatic solution given by Rice 
(1940). In his paper, Huber presented both vertical and horizontal profiles for 
the Wenner configuration oriented perpendicular to the strike of the dipping 
beds. Earlier, Simi (1953) had given an exact method of determining dip by the 
simple device of expanding the Wenner configuration along the outcrop of the 
dipping contact between two beds. An exact solution for this case can be ob- 
tained from elementary considerations. He included charts to implement his 
method. 

Previous to this group of papers, the only complete solution to the general 
problem of dipping beds with arbitrary resistivity contrast was published in 
Russian by Skalskaya (1948). It is the purpose of this note to present the high 
lights of the oral paper mentioned above, especially as it supplements the critical 
review of Van Nostrand and Cook. We also want to give in more detail the com- 
putational forms of the solution as first derived by Skalskaya and to present ad- 
ditional examples of the application of these solutions. At the same time, we want 


* Presented at the E.A.E.G. meeting in Milan on December 4, 1953. Organized and written for 
publication in GropHysics by Robert G. Van Nostrand, Magnolia Petroleum Company, 
Dallas, Texas. 

t Compagnie Générale de Géophysique, Paris, France. 
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Fic. 1. Cross-section showing dipping bed. 


to describe the Schlumberger configuration which seems to have escaped the 
notice of most American workers. In this paper, we shall use the notations 
adopted in the two above-mentioned papers from Geophysics. 

The basic problem is to determine the electric potential due to a point source 
of current in the vicinity of a dipping contact between beds of different resisti- 
tivities (Fig. 1). We adopt a cylindrical coordinate system with the z-axis along 
the intersection of the dipping contact and the earth’s surface; the origin is such 
that z=o for the point source; the angle @ is such that @=o for the earth’s surface 
to the right of the origin and @=7 to the left. In cylindrical coordinates, Laplace’s 


equation is 
— —| r — — +— (1) 


The general solution of this equation has three simple forms which correspond to 
the three types of boundary conditions. These forms are exemplified by the three 
expansions of the reciprocal distance which were originally derived by Dougall 
(Gray et al., 1931, p. 102-103). Where R is the distance between the points 
(Po(r, 0, o) and P(r, 6, z), these expansions are 


I 
R = f + r? — 2ror cos 
0 
(2) 
= 2. (2 — dom) COS mo m(Aro) J m(Ar) dr 
m=0 0 
I 2 
—= =f cos Az Ko(Av/ro? + r? — 2ror cos 
(3) 
3 


2 
(2 — bom) Cos mo cos m(Aro) K m(Ar) dd 
0 


T m=0 


P(r,@, Z) 


JEROME CHASTENET DE GERY AND GEZA KUNETZ 


cos f cos hi(m — 0) Ky(Aro) (4) 
R_ 0 
The Bessel functions are used as defined by Gray et al. (1931); J,(z) is the ordi- 
nary Bessel function, /,(z) is the modified Bessel function of the first kind, and 
K,,(z) is the modified Bessel function of the second kind. It is stipulated that 
z>o in equation 2, r>ro in equation 3, and o<@< 27m in equation 4. The symbol 
do is the kronecker delta which equals zero when m#o and unity when m=o. 
These are the three forms for which Maeda expressed the hope that they 
would lead to different solutions of appropriate regions of convergence. How- 
ever, only the latter form (equation 4) can be used for the present problem. The 
first form (equation 1) is applicable to horizontally layered beds (Stefanesco et 
al., 1930) and the second form is useful in well logging problems (Fok, 1933). 
As shown also by both Maeda and Skalskaya, the most general solution to 
the problem is given by 
= — + — cosAzd\ | A(t) cosh 0K y:(Aro) K 
am (R 0 
(5) 
4 
= — (*)f cos B(t) cosh — 0) 
27 0 0 
where V, applies in the first medium, which contains the current electrode, and 
V2 in the second medium. The parts of the integrands, as yet unspecified, are 


k sinh 2l(r — a) 


A(t) = 
sinh tr — k sinh t(r — 2a) 


(1 + ) sinh tr 


(6) 


= 


sinh tx — ksinh t(r — ‘ie 


where 

p2— 

po + pi 

We now require an integral representation of the product of two modified 
Bessel functions. This representation can be derived directly by starting with 
Schlafli’s (Watson, 1945, p. 181) integral representation, which can be trans- 
formed as follows: 


I 
K,(z) = f 98h cosh pidt = ~f cosht—vtqy (7) 
0 


k 


2 


and is valid for | arg z| <a/2. Therefore, we can write 
I 
K K it(Ar) f f cosh u—Ar cosh v ~it(u-v) dydy, (8) 
4 
If we change variables by letting u+v=s and u—v=2V, the integral becomes 


I 
~f cinds [ro cosh ((#/2)+V)+r cosh ((8/2)—-V) (9) 
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= 
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The inner integral may also be manipulated into the form, 


f cosh (10) 


where P?=ro?+7r?+ 2ror cosh s and 


F 
= tanh" tanh s/2). 
rotr 
From the definition of equation 7, we see that this integral is 2Ko(Ap) so that 
we finally get 


= f cost sKo(Ax/ro? + r? + 2ror cosh s)ds. (11) 


0 


We combine this integral representation of the product with equation 3 
above in order to express the potential functions of equations 5 in terms only 
of elementary circular and hyperbolic functions: 


Tp, (1 2 cos tsds 

ar 0 + ro? + r? + aror cosh s (12) 
12 


Ip, / 2 cos tsds 
Ve = — (=) f B(t) cosh t(r — aa f 
an 0 0 ro? + 7? + cosh s 


We have separated A(t) and B(t) from the rest of the above integrands be- 
cause these are the parts which are manipulated in order to simplify computa- 
tions for special cases. The second expression is the simpler of the two and we con- 
sider it first. If we perform one step of division, it can be shown that 


k(1 + k) sinh — 2a) 


sinh tr — k sinh t(r — 2a) 


Bit) = (1 + k) + (13) 


When the first term on the right side of equation 13 is placed back in equation 5, 
it is easily seen by comparison with equation 4 that the resulting term leads to a 
term which corresponds to the only permissible image; in this case, it is the same 
as the image which would exist if the boundary were vertical. The second term 
in equation 13 leads to a correction to the image solution. We have then 


k k sinh t(r — 2a) cosh — 0 
o sinht# — ksinh (x — 2a) 


(14) 


cos tsds 

0 V2? + + + cosh s 

This expression holds for all values of a between o and = and is useful when the 
current electrode is not in the same medium as the potential electrode. 
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In the case of A(t), we must consider three separate cases which are dis- 
tinguished by the values of a. If a lies between w/2 and zm, A(t) retains the value 
given above. Therefore, in this range of a, 


Tp, (1 2k (~*~ sinh 2t(r — a) cosh 10 

j 

dt 
0 


27 IR sinh tr — k sinh — 2a) 


cos tsds 


If a lies between o and 2/2, A(t) may be separated into two parts: 
N 
A(t)= 2k” cosh t(4—2na) 
n=1 
(16) 
(1—k?) k" sinh 2nat+k® sinh 2Nat—k¥+! sinh [2r—2(N4+1)alt 


n=l 


sinh tr—k sinh 2a) 


where \ is the integer lying between 7/2a and (r/2a)—1. As in the previous 
case, the first part of A(t) can be related to images. In this case, the images are 
the first .V images of the set which are obtained by successive reflections in the 
dipping contact together with the corresponding reflections in the earth’s surface. 
The remaining part constitutes a correction to the image solution. Therefore, 


when 0o<a<7/2 we have 


2 


n=l JF + 70? r? — COS 2Na 


k" sinh 2nat + k sinh 2Nat sinh [2m — 2(N + 1)ale 
f —— - - (17) 
0 sinh tr — k sinh f(r — 2a) 


cos tsds \ 
cosh t@dt--- X 
0 V2? + ro? + r? + 2ror cosh sf 


This equation is useful for arbitrary angle of dip when the current electrode is on 
the down-dip side of the outcrop of the dipping contact. 

In the special case when a is the Vth submultiple of r/2(a=n/2N), the Nth 
image falls on the earth’s surface where 6= 7 and equation 13 is reduced to 


27 \R V22 + (ro + 1)? 72 — cos 2na 


> &" sinh 2nat cosh 0 


= dt 
sinh tr — ksinh t(r — 2a) 
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We have shown that each of the above potential functions consists of an image 
solution plus a ‘‘correction”’ term. Whenever the image theory is adequate to 
solve the dipping bed problem, the correction term will vanish. For example, the 
correction term in equation 18 vanishes whenever A = +1. Therefore we are led 
to the conclusion, previously drawn by other workers, that image theory is valid 
for the dipping bed problem when the lower bed is either perfectly conducting or 
perfectly insulating and when the angle of dip is a sub multiple of w/2 and, 
even then, only in the upper bed. 

These correction terms can be reduced to simple integrals containing only 
elementary functions through the use of Mittag-Lefflers series or special cases 
thereof. In the case of equation 18, there will be a finite number of such integrals; 
but, in the case of equation 13, there will be an infinite series of integrals. For ex- 
ample, let a=2/4 for which case equation 14 is applicable and is written as 


= Tp, jt 4 2k 
27 UR + (ro + 1)? 
tl 
sinh - 
0 


sinh wt — ksinh 


2 


f 2 cos tsds \ 
0 V22 + ro? + + 2rer cosh s 


on the earth’s surface where 0=o. We divide both the numerator and denomina- 
tor of the integrand by sinh (m//2) so that it becomes 


I 


2 cosh — k 
Letting k= —2 cos 6, the’integrand, becomes 


I 


2 cosh + 2 cos 6 


We first perform the integration with respect to /, whence we get 


cos tsds sinh 
= (20) 


2 cosh mt/2 + 2cos6 sinésinh 2s 


Then we change the remaining variable of integration by letting (2s/7)—s 
in order to make these results identical to those given by Van Nostrand and 
Cook. The above steps finally lead to the following expression for the potential: 


I 
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Ip, k? 2k 

(21) 
sinh é6sds 


sin} sinh +r? + aror cosh 


Skalskaya made use of the same expansions we have used. However, she carried 
out the integration in a different order and made use of special integrals involving 
modified Bessel functions. It can be shown in a similar fashion that the potential 
function on the other side of the dipping contact is 


Ip, 
Rr+k) __ sinh ésds (22) 


The integral appearing in V; and V2 is easily evaluated by numerical methods. 
In order to work on both sides of the dipping contact, it is customary to use a 
complementary pair of solutions applicable when a= 135°. These solutions repre- 
sent potentials when the current electrode is on the up-dip side of the outcrop of 
the dipping contact. 

The Compagnie Générale de Géophysique has worked out both formulae 
and curves for values of NV up to 12, which corresponds to a dip of 15°. For smaller 
angles of dip, satisfactory approximate methods have been worked out. As an 
example, we will show the numerical results for the angle of dip equal to 45°. 


THE SCHLUMBERGER ELECTRODE CONFIGURATION 


The Schlumberger electrode configuration consists of two current electrodes, 
A and B, and two potential electrodes, M and N (Fig. 2). The line between the cur- 
rent electrodes forms the base of the system and the data are generally expressed 
in terms of one-half the distance between these electrodes. The potential elec- 
trodes are kept close enough together that the electric field between them can 
be considered to be constant. In the computation of the apparent resistivities 
from field measurements, the exact relative locations of the four electrodes are 
taken into account. The formula used for the apparent resistivity is 


K (23) 


where J is the current flowing in the earth, AV is the potential difference between 
the potential electrodes, and the geometrical factor is 


2m 
K = 


(= ( I 
M g@AN BM BN 


(24) 


Vi=- 
: 
4 

Al 


POTENTIAL AND RESISTIVITY OVER DIPPING BEDS 787 


In field use of the Schlumberger configuration of electrodes, the potential 
electrodes are moved only once out of every four or five changes of the power 
electrodes. Thus, for the five or six different values of AB in the interval from 
100 to 800 meters, MN would have the fixed value of about 20 meters. In the 
following interval for AB up to 4,000 meters, MN would have the fixed value of 
about roo meters. Usually, both values of MW are used for some readings in the 
transition from one interval to the next. 

The principal advantage in this technique is that the influence of local in- 
homogeneities close to the potential electrodes can be clearly located on the ap- 
parent resistivity curves. These effects are shown by the differences between the 
results obtained with the same AB and different MN’s. On the other hand, these 


{1} 


y 


M N 


Fic. 2. Schematic diagram of Schlumberger configuration. 


local heterogeneities do not appreciably alter the shape of those arcs of the resis- 
tivity curves which have been obtained with a given MN; they only displace 
the arcs as whole units. This fact often allows one to make a correction and to 
trace the diagram which would have been obtained in a laterally homogeneous 
earth. 

A schematic representation of this idea is shown in Fig. 3. The upper curve 
contains three segments, each of which represents data taken with one of three 
different values of MW. Since a local inhomogeneity existed near one or both of 
the potential electrodes when MN had the second value used, segment B of the 
curve is displaced upward from the other two. Obviously, it is easy to connect 
segments A and C correctly by moving segment B downward to its correct posi- 
tion. The lower curve illustrates, for example, what might have been obtained 
with the Wenner configuration as it is normally used. The effect of the local in- 
homogeneity can not be differentiated from the effects from deep horizontal 
discontinuities on the smooth Wenner curve. 

In order to construct theoretical curves for the Schlumberger configuration, 
the apparent resistivity is computed from the electric field which is calculated 
midway between the two current electrodes. The appropriate equation for the 
apparent resistivity is: 


4 


a = wl? — 2 
p 7 (25) 
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Fic. 3. Qualitative effect of inhomogeneity on resistivity curves. 4, B, and C are segments 
of the Schlumberger curve; D is the Wenner curve. 


where E is the magnitude of the component of the gradient along the line of 
electrodes. In order to obtain comparable data in the field, the potential elec- 
trodes would have to be infinitely close together. Discrepancies, arising from the 
fact that the actual distance WN is not infinitesimally small, usually do not ex- 
ceed 2 or 3 percent. The separation between the potential electrodes, M and \, 
is always less than one-fifth the separation between the current electrodes, A and 
B, and is usually kept less than one-tenth this distance. 


THEORETICAL CURVES 
In Fig. 4 are shown the equipotential lines on the surface of the earth around 
a point source of current over a contact dipping 45°. The reflection coefficient K 
is 0.8. The units of potential are arbitrary. Along the outcrop of the dipping con- 
tact, for arbitrary dip and resistivity contrast, the potential is inversely propor- 
tional to the inter-electrode distance R: 


+ k) 
— — 2a)|R 


(26) 


At large distances from the source, the equipotential lines are circles described 
by the same formula. In the case of Fig. 4, we have 


Ip 
(27) 
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Formula 26 can be derived from elementary considerations (Sami, 1953) or by 
considering the limiting case of either of equations 12 (Maeda, 1955). 

Fig. 5 shows vertical profiles made with the Schlumberger configuration ori- 
ented parallel to the strike of the dipping contact. Electrode separations are 
measured in units of the distance from the outcrop of the dipping contact to the 
line of electrodes. As would be expected, the effect of the dip is considerably less 
when the traverse is on the up-dip side than when it is on the down-dip side of 
the dipping contact. 

The resistivity is plotted in both cases as the ratio p,/p; where p; is the resis- 
tivity of the medium containing the electrodes—or, in this instance, the whole 
configuration. If the resistivity were instead plotted on an absolute scale, the 
asymptotic values for large electrode separations would be the same, for a given 
resistivity contrast, regardless of on which side of the contact the electrodes are 
placed. This statement is true only if the line of electrodes is oriented parallel to 
the strike of the contact. The reason is that the parallel component of the electric 
field must be continuous across the boundary. As the electrode separation in- 
creases, the configuration moves relatively closer to the boundary. Since pa here 
is calculated from the electric field, it follows that p, must be the same on both 
sides of the fault when the configuration is parallel to the strike and the electrode 
separation is large. 

Fig. 6 shows vertical profiles taken with the Schlumberger configuration ori- 
ented perpendicular to the strike of the fault plane. Electrode separations are 
measured in units of the distance from the surface trace to the center of the con- 
figuration. Due to the geometry of the electrode configuration itself, these curves 
are paradoxical in that the apparent resistivity approaches either infinity or zero, 
for large electrode separations, in all of these curves. Let us consider only the 
case which p2.>p; (k>o). As would be expected, for small electrode separations 
the curves start out with p,=i; and, as the electrode separation is increased, 
the apparent resistivity increases until the east current electrode reaches the 
contact. At this electrode separation, the apparent resistivity is intermediate 
between p; and p». For increasingly larger electrode separations, the apparent 
resistivity decreases asymptotically to zero. 
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A PRELIMINARY REPORT ON MODEL STUDIES OF MAGNETIC 
ANOMALIES OF THREE-DIMENSIONAL BODIES* 


ISIDORE ZIETZf anp ROLAND G. HENDERSONT 


ABSTRACT 


Model experiments were made to devise a rapid method for calculating magnetic anomalies of 
three-dimensional structures. The magnetic fields of the models were determined using the equip- 
ment at the Naval Ordnance Laboratory, White Oaks, Md. An irregularly shaped mass was approxi- 
mated by an array of prismatic rectangular slabs of constant thickness and varying horizontal di- 
mensions. Contoured maps are being prepared for these magnetic models at different depths and for 
several magnetic inclinations. The fields of these three-dimensional structures are obtained by super- 
imposing the appropriate contoured maps and adding numerically the effects at each point. The equip- 
ment and laboratory methods are described. Theoretical and practical examples are given. 


INTRODUCTION 


In the method of aeromagnetic interpretation presented by V. Vacquier and 
others (1951) it was assumed that anomalies of large amplitude and covering large 
areas are due to changes in susceptibility within the basement complex. The effect 
of relief on the crystalline rock surface was neglected because the magnetic field 
produced by relatively small masses would be comparatively negligible and the 
time for computations would be disproportionately long. In this report, a rapid 
method has been devised for the calculation of the basement relief by using con- 
toured field maps of magnetic prismatic models, which have been experimentally 
determined. This method may also be applied to calculate the magnetic field of 
most three-dimensional distributions. 

Studies of the calculation of two-dimensional magnetic and gravitational 
fields are abundant. On the other hand, the available literature for the three- 
dimensional case is sparse. Some of the more important articles are those by 
Ballarin (1948), Fisher (1940), Gassman (1951), Grant (1952) and Pirson (1940). 
There are two general approaches to the problem: analytic and synthetic. In the 
former, the data are analyzed directly to yield the approximate size, shape, and 
depth of a possible anomalous distribution. This method was adopted by Tsuboi 
and Fuchida (1938) who determined the topographic mass distribution resting on 
a horizontal plane surface of known depth by a direct analysis of the gravitational 
field. They replaced the irregular distribution by a thin slab of material in which 
the density at any point is directly proportional to the elevation above the plane 
surface. This density distribution and the observed gravity anomalies are then 
developed separately into double Fourier series. A simple mathematical relation- 
ship between the coefficients of similar terms in the expansions results ultimately 


* Manuscript received by the Editor August 29, 1955. Publication authorized by the Director, 
U. S. Geological Survey. 
t U.S. Geological Survey, Washington, D. C. 
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in the anomalous topography. In recent articles Grant (1952) described a method 
which also uses the analytic approach. Briefly, the shape and size of the approxi- 
mate structures are determined from dipole, quadrupole, and octupole moments 
which are calculated from the derivatives of the surface field. Peters (1949) has 
described a method developed by the Gulf Research and Development Company 
‘in which a series expansion of the field is used to calculate magnetic contours and 
ultimately topographic contours on the basement. 

The synthetic method is an indirect one, involving trial and error. The field 
is calculated for an assumed disturbance of given size and shape on a surface at 
known depth and the calculated field compared with the observed anomaly. By 
judiciously altering the dimensions of the assumed body, a fit of the required ac- 
curacy can be obtained. Pirson (1940), Gassman (1951), and Lancaster-Jones 
(1929) have adopted this method using graphical aids whereas Roman (personal 
communication) makes use of numerical devices. In this paper an alternative 
approach using model experiments is described. 

Apparently few magnetic model experiments have been made for use in geo- 
physical interpretations. Heiland (1940) describes several experiments which 
are useful for qualitative interpretations. Alldredge and Dichtel (1949) discuss a 
model experiment to determine the basement topography of Bikini Atoll. Helm- 
holtz coils were used to simulate the uniform inducing field of the earth. The 
model, resting on plywood, was molded by mixing foundry clay, ground magne- 
tite, linseed oil, and glycerine. The magnetic anomaly produced by the model was 
detected by a miniature magnetometer, with a precision of + 50 gammas, carried 
at a fixed height above the model by an automatic transverse system. The model, 
which was kept soft by the glycerine content, was reshaped until the model field 
compared favorably with the observed field. 


ASSUMPTIONS AND BASIC CONSIDERATIONS 


The airborne magnetometer in use by the U. S. Geological Survey measures 
the total intensity field. However it has been shown (Hughes and Pondrom, 
1947) that for sufficiently small areas the direction of the anomalous total field 
can be assumed to be codirectional with the earth’s ambient field. It is assumed 
furthermore that the anomalous field is due to induction by the earth’s field only 
and that the effects resulting from remanent magnetization not codirectional 
with the earth’s field can be considered negligible. For bodies possessing compara- 
tively large permanent magnetization in directions other than that of the induc- 
ing field, the method described herein is not applicable. For most situations the 
aforementioned assumptions seem reasonable. 

Any irregularly shaped body (Fig. 1) can be approximated by the proper 
arrangement of prismatic rectangular slabs of constant thickness and varying 
horizontal dimensions. If contoured total-intensity magnetic fields of numerous 
slabs were made available, having the geometries mentioned above, buried at 
different depths, and for several magnetic inclinations, then for an irregular 
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Elevation view Plan view 


Fic. 1. Approximation of a three-dimensional structure by prismatic slabs. 


magnetic mass distribution, the field could be obtained by superimposing the 
appropriate contoured maps and adding numerically the effects at each point. 


MODEL EXPERIMENTS 


The model experiments described in this preliminary report were conducted 
at the Naval Ordnance Laboratory, White Oaks, Maryland, with the cooperation 
of L. R. Alldredge, Chief of the Electricity and Magnetism Division of the Physics 
Research Department. Invaluable technical assistance was provided by C. L. 
Parsons and K. E. Dornstreich, also of the N. O. L., who helped us adapt the 
existing equipment to our particular problem. Much of the experimental work 
was done by R. L. Faith, R. W. Bromery, G. B. Mangan, and H. L. Crumley of 
the U. S. Geological Survey. 

Measurements were made (Fig. 2) in a building constructed entirely of non- 
ferrous material, which houses huge Helmholtz-type coils whose axes are mutually 
perpendicular. The coil system establishes a uniform field of known direction and 
intensity at the center of the system. With the aid of an elaborate potentiometer 
arrangement the field can be impressed with an accuracy of 0.1 milligauss or ro 
gammas. In these experiments the magnitude of the inducing field for all mag- 
netic dips was maintained at 53,400 gammas. 

The principle of detection is similar to that employed in the AN/ASQ-3A 
airborne flux-gate type magnetometer (Rumbaugh and Alldredge, 1949) in that 
it has a saturable core inductor which makes use of the variation of permeability 
with intensity of magnetization. A narrow band-pass filter permits only the pas- 
sage of the second harmonic component generated in the inductor. The signal 
generated in the detector is amplified and recorded as a continuous profile on a 
Speedomax recorder. Unlike the AN/ASQ-3A, the detector is not self-orienting 
but is kept fixed in the direction of the inducing field. 
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As the magnetic equipment was built for use in the degaussing of ships, the 
detector was placed below the model. For geophysical interpretation, however, 
the experimentally derived fields are more useful if the detector is located above 
rather than below the magnetic source. The transformation is theoretically ac- 
complished by rotating the recorded profile 180° about an axis normal to the 
paper and directly above the center of the model so that the observed negative 
anomaly becomes positive and the direction of the profile is completely reversed, 
i.e., for a north-south profile the north end is rotated into the south end and for 
an east-west profile, the east end is rotated into the west end. 

The model is placed on a fixed tray in the center of the system. The detector 
is below the model on a vertical tower and is capable of moving continuously in 
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Fic. 2. Magnetic laboratory at the Naval Ordnance Laboratory, White Oaks, Maryland. 


either a north-south or east-west direction. This is made possible by an auto- 
matic traverse system which includes 2 carriages run over brass rails, the lower 
pair being anchored to concrete piers. As indicated in Figure 2, the longitudinal 
carriage moves along rails in a north-south direction whereas the transverse 
carriage mounted on top of the longitudinal carriage moves along rails in an east- 
west direction. Control of this traverse mechanism as well as the potentiometers 
and the speedomax recording equipment is affected through a master console 
which can be operated by a single individual (Fig. 2). Sufficient profiles were 
run to permit adequate contouring of the field. A synchro-servo gear box added 
to the recorder permits synchronization of the chart paper with the detector mo- 
tion. The magnitude of the induced field is reduced by means of a direct suppres- 
sion current permitting a maximum sensitivity of 10 gammas per scale division. 


a 


798 ISIDORE ZIETZ AND ROLAND G. HENDERSON 


To determine the accuracy of the profiles the same lines were run in opposite 
directions; differences of less than 3 gammas for the total length of line were 
found. 

The models were demagnetized by shaking in a null magnetic ambient field 
with a 60-cycle alternating current of more than 50 amperes, maximum amplitude. 
A high coil constant of 8.8 oersteds per ampere was obtained by constructing a 
doughnut-shaped coil concentrically wound with inner and outer diameters of 
1o and 4o cms respectively. As the inner diameter of the coil was much smaller 
than the horizontal dimensions of some of the models, the equivalent of a de- 
caying field was obtained by fixing the coil and moving the model back and forth, 
gradually removing it from the magnetic field of the coil. The models were tested 
for remanence by taking profiles in a null inducing field. 

The models were constructed by making a uniform mixture of 1 part powdered 
magnetite with 2 parts plaster of paris by volume. Water was added to form a 
uniform viscous mixture that was poured into carefully constructed forms. These 
were constructed with dimensional tolerances of 0.02 inch, of plywood sides and 
masonite bases. 

The horizontal dimensions of the models were selected, in the main, for con- 
sistency with those presented in G. S. A. Memoir 47. The following horizontal 
dimensions (in inches) were chosen: 5 X 20, 5 X30, 5X5, 10X30, 10X10, 20X 20, 
23 X 20, 10 X 20. In order to reduce errors due to a non-uniform field in the detector 
coil, a minimum model-detector distance of 5 inches was chosen. The selection of a 
constant slab thickness of 0.5 inches, although somewhat arbitrary, was based 
primarily on the following considerations. The use of thinner slabs would im- 
prove the accuracy of the model approximations to three-dimensional structures. 
On the other hand this would increase the number of model field experiments 
which, from a practical viewpoint, should be kept to a minimum. A compromise 
for the slab thickness of 0.5 inches was finally adopted. However, this necessitated 
the measurement of fields for model depths at intervals of 0.5 inch. Consequently, 
it was planned to measure the magnetic fields in a horizontal plane for a minimum 
distance of 5 inches to a maximum distance of 10 inches in 0.5 inch steps. As the 
horizontal dimensions of the models published in G. S.A. Memoir 47 are measured 
in terms of the depth of burial, a prism 30 inches X 5 inches Xo.5 inches at a depth 
of 5 inches is magnetically equivalent to a 6X1 Xo.1 prism expressed in terms of 
unit depth. Fields were mapped with the long axis oriented first parallel and then 
normal to magnetic north. The magnetic dips of the inducing fields were taken to 
be I=0°, 20°, 30°, 45°, 60°, 75°, and go°® which, again, is consistent with the 
inclinations selected in the memoir. This spread of dip angles makes the inter- 
pretive method applicable in most areas. 


COMPILATION 


Profiles were taken in a north-south direction because the background or 
regional gradient was small in magnitude and essentially linear in that direction. 
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Thus the background could be accurately determined by a graphical linear ap- 
proximation. This is best illustrated by considering Figure 3. The profile repre- 
sents the field measured by the detector along a north-south line 7 inches above 
the center line of a 10 inch X10 inch model subjected to a 60° inducing field. The 
background field OB’ was determined by removing the model and measuring the 
field along the same line subject to the same ambient field. This gradient, of 
course, is removed in the compilation process. It is essentially the same gradient 
that would have been obtained by linear approximation. The removal of a non- 
linear regional gradient was effected by experimentally determining the back- 


Fic. 3. Magnetic profile and background over midsection of 10 inchX 10 inch Xo.5 inch model 
located at depth 7 inches in an inducing field of inclination, 60°. 


ground field and subtracting graphically from the original profile. A few east- 
west lines were run as tie lines. The profiles were spaced sufficiently close to give 
an accurate representation of the field. 

The compilation of a set of profiles for a particular set of conditions is straight- 
forward. The contour interval is arbitrarily selected as 10 or 20 gammas depend- 
ing on the amplitude of the anomaly, and the position of the observed values 
plotted along the line of traverse. To maintain a smooth field, the contours drawn 
will necessarily deviate from the observed values. In general the error introduced 
is much less than one-half a contour interval. This is an error which seems to be 
inherent in the compilation of data based on continuous profiling, when the profile 
separation is sufficiently small. The contoured field of a 5 inchX5 inch model in 
an inducing field of inclination J=60° and located 5 inches below the detector is 
illustrated in Figure 4. The original values are shown to indicate some of the 
errors introduced in the compilation process. 

As an additional check on the accuracy of the field measurements, the fields 
of two models were arithmetically combined to produce a resultant field which 
could be compared directly with the observed field produced by the combined 
models. The effect of a 5 inch X 20 inch model with the long axis oriented north- 
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south at a depth d=5 inches for an inducing field of J =0° was computed by con- 
sidering two 23 inch X20 inch models placed in juxtaposition. The comparison 
was made in tabular form (Table 1) for several points on the profile 3 inches west 
of the midsection in a north-south direction. The average error is approximately 
13 gammas. The discrepancy may be attributed, in part, to different demagneti- 
zation factors corresponding to each of the two different prismatic shapes. This is 
discussed in a later section. Furthermore, the magnetic susceptibilities of the 
prisms are not identical. 

After several months work at the laboratory it became evident that the operat- 
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SCALE: 
5 INCHES 


Contour interval: 20 gammas 


Fic. 4. Total-intensity magnetic field of a 5 inchX5 inchXo.5 inch model located 
5 inches below the surface, in an inducing field of 60°. 
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ing time would be prohibitively long. Consequently it was decided to determine 
the fields very accurately for all models located at depths of only five and eight 
inches. The fields at intermediate levels were to be computed by employing the 
mathematical process of analytical field extensions which has been adequately 
described in the literature [e.g. Henderson and Zietz 1949]. An investigation 
was conducted to test the accuracy of the extensions. Several anomalies were 
computed upward and compared with the observed values. In almost every case, 


TABLE I 


COMPARISON OF FIELD OF 5 INCHX 20 INCHXo0.5 INCH MODEL WITH THAT OF A SIMILAR MODEL 


OBTAINED BY THE JUXTAPOSITION OF Two 2} INCHX 20 INcHXo0.5 INcH MODELS 


Values are obtained for points along a north-south line 3 inches west of the midsection of model 
located at a depth, d=5 inches, in an inducing field of inclination, /=o0°. 


Combined Field 
| (gammas) derived from | 


Field (in gammas) 


Location of Point 
Error (in 


(Distance from center, | “two 2} inchX 20 inch of 5 inchX 20 inch gammas) 
in inches) ° Xo.5 inch model 
| Xo.5 inch models 
° —150 —158 + 8 
a — 150 163 +13 
4 = 152 170 +18 
6 —146 163 +17 
8 —108 —123 | +15 
10 — 24 — 40 +16 
12 53 60 pe 
14 69 83 —14 
16 65 73 — 8 
18 40 53 =I 


25 


the error involved was ten gammas or less. Typical comparisons are given in 
Table 2. In these illustrations all comparisons are made for points along the mid- 


section of the models. 
At the present writing, all observed data for models at depths of 5 and 8 
inches have been compiled. The extension of fields for the intermediate depths is 


now well under way. 


NORMALIZATION PROCESS AND DEMAGNETIZATION EFFECTS 


For these maps to have greater utility a normalization process will have to be 
applied. It is clear that the induced anomalous fields contain the parameters of 
the inducing field and the susceptibility of the magnetizable material. Conse- 
quently by eliminating these factors, a new quantity is obtained which is de- 
pendent only on the geometry of the magnetic mass. 

Consider a fixed righthanded rectangular coordinate system (x, y, 2) with the 
z axis directed downward (Figure 5). The total intensity magnetic anomaly at 


point P(x, y, z) can be expressed as 


AT(x, y, 2) = RTf(x, y, z, x’, y’, 2’) 
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x 


.P(xy,z) 


Fic. 5. Coordinate system used in evaluating magnetic fields. 


where & is the susceptibility, 7 the magnitude of the inducing field and the primed 
coordinates represent coordinates in the body. As previously mentioned, AT and 
T are codirectional. For a point at the origin, the field becomes: 


AT(o, 0, o) = RTf(x’, v’. 2’) (1) 
By forming: 
AT(o, 0, 0) 
———— = f(x’, y’, 2’) 
kT 


a function is obtained which depends on the shape of the body only in relation 
to the depth. It is into this form that all the maps will eventually be reduced. 
However, because of the presence of free poles on a magnetized surface, the in- 
ducing field is always diminished in the following way: 


T = T’ — NI (2) 


where T is the field actually existing inside the body, 7” is the field present in the 
absence of magnetic matter, / is the polarization, and N is a demagnetizing factor, 
which depends only on the geometry of the mass. The factor, N, varies from zero 
for a thin rod parallel to the inducing field to 4m for a magnetic sheet perpendicu- 
lar to the field. A sphere has a demagnetization factor of 4/3 7. By substituting 
the expression for 7’ given in equation (2), in equation (1), the following relation- 
ship is obtained. 
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AT(o, 0, 0) = R/T’ f(x’, y’, 2’) (3) 
where 
k' = k/t + Nk 


The demagnetization factor, V, can be rigorously computed for any second de- 
gree surface since the field inside the body is uniform. It follows that the apparent 
susceptibility, k’, of a magnetic mass can be derived from equation (3) provided 
the function f(x’, y’, s’) can be theoretically evaluated. The true susceptibility 
can then be calculated by considering the demagnetization factor, NV. For ma- 
terials with low susceptibilities, V plays a minor role and k~k’. Specifically for 
k’=0.010, k=o.011 and for k’=0.015, k=0.018. Unfortunately it was necessary 
to use higher susceptibilities (k=0.06) for the magnetic models under investiga- 
tion in order to get a measurable response on the magnetometer. As a result, the 
demagnetization factor must be taken into account. This can be done by approxi- 
mating the model with an ellipsoid whose demagnetization factors are tabulated 
in convenient form by J. A. Osborn (1945). 

Perhaps a more satisfactory approach to the normalization process would be 
to compute theoretically the function f(x’, y’, 2’) for the various slabs at the 
point where the field is a maximum. Then the entire field for a particular model 
set-up could be adjusted by determining the ratio required to make the observed 
AT max fit the theoretical ATiax. The shape of the resultant field will, of course, be 
somewhat in error as N is not constant. To illustrate this normalization process, 
consider the observed and theoretical profiles presented in Figure 6. The former 


FIELD 


/ eal Observed 
\ Computed 


INCHES 


Fic. 6. Comparison of computed and observed east-west profiles over midsection of a 5 inch 
X30 inchXo.5 inch model with long axis oriented north-south. Model is located 5.5 inches below 
detector and in a magnetic field of inclination, J=go°. 
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represents the normalized field along an east-west profile passing through the 
mid-section of a 5 inchX3o inch Xo.5 inch model with the long axis oriented 
north-south. The model is located 5.5 inches below the detector and subjected 
to a vertical inducing field. As the length of the longer axis of the model is more 
than 5 times the depth of burial, theoretical calculations for the function f(x’, y’, 
z’) at points along the same profile as the observed, were made by approximating 
the model with a two-dimensional structure, namely 5 inch X  Xo.5 inches. At the 
maximum point, the ratio of the observed field, A7inax, to the polarization, Bore. 
is made to coincide with the theoretical f(x’, y’, 2’). This yields an apparent 
susceptibility of k’ =0.039 which corresponds to a true susceptibility of k=0.068. 
The general shapes of the two curves agree favorably, the maximum discrepancy 
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Fic. 7. Theoretical and observed profiles over the center of a prismatic model. 
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being equivalent to 20 gammas. Even this small difference may be explained by a 
two-fold consideration: first, the demagnetization factor is not constant and sec- 
ond, the assumption of an infinite slab is not strictly valid. 

Theoretical north-south profiles forva 20 inch X 20 inch Xo.5 inch slab buried 
at a depth of 5 inches and subjected to inducing fields of inclination 20°, 45°, 75°, 
and go° have been plotted and compared with the observed profiles (Fig. 7). 
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Fic. 8. Theoretical and observed values for points located at the same 
horizontal position plotted as a function of depth. 


These curves show the amount of correction that would be necessary to apply to 
the observed data in order to correct for demagnetization effects. The profile 
corresponding to a dip of go° is instructive since it shows, as one would expect, 
that the demagnetizing effect is a maximum near the center of the model. 
Because the accumulation of free poles at the surface of the slabs depends only 
on the orientation of the inducing field with respect to the model, the demagnetiz- 
ing factors should theoretically be independent of the distance from detector to 
model. This is verified by comparing theoretical and observed values as a func- 
tion of detector to model depths (Fig. 8). The values are determined for points 
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located at exactly the same horizontal position near the maximum value. The 
maximum discrepancy is less than 10 gammas which may be attributed to errors 
in the experimental or compilation methods. 

To obtain a reasonably accurate numerical evaluation of the susceptibility, 
two cylindrical models were constructed from the same mixture that was used 
for the prisms. The radius and length of one of the cylinders were 1.08 inches and 
5 inches respectively and those of the other were 2 inches and 5 inches respective- 
ly. Both were located at a depth of 4.5 inches and subjected to a field of J=go°. 
Profiles passing through the projected centers of the models indicated apparent 
susceptibilities of k’=0.065 and k’=0.058. 

Using the demagnetization factors calculated by Mann (Werner 1945) for 


SCALE> 
5 INCHES 


Contour interval 20 gammoas 


Fic. 9. Total intensity field of 5 inchX 5 inchXo.5 inch model located at a depth 
of 5 inches below the plane of observation, in an inducing field of J=60°. 
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cylinders, the true susceptibilities were computed to be k=0.069 and k=0.062 
respectively. These two values along with the one determined by considering a 
two-dimensional slab lead to a reliable average of k =0.066. 

All the field maps will be made available in a ‘‘normalized” form, one which 
is independent of the susceptibility and field strength and dependent only on the 
geometry of the model. In this manner, complicated models may be built up by 
the proper combination of prisms and the total normalized field computed by 
arithmetically summing up at each point the normalized fields due to each of the 
prismatic slabs. Multiplication with the apparent susceptibility of the rock and 
the strength of the inducing field results finally in the desired magnetic field. 
Fortunately, in geophysical prospecting, the relative susceptibilities of most 
rocks under investigation are so small that the demagnetization factors can be 
neglected. For large susceptibilities, the demagnetization factor should be con- 
sidered. 

Although the compilation of the model field maps is well under way, we have 
not yet started the normalization process. It will prove instructive to examine the 
fields for a set of three maps already complied. Such a set is presented in Figures 
g, 10, and 11, to illustrate the fields of a 5 inch X5 inch Xo.5 inch model at depths 
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5 INCHES 


Contour interval 20 gommas 


Fic. 10. Total intensity field of 5 inchX5 inchXo.s5 inch model located at a depth 
of 7.5 inches below the plane of observation, in an inducing field of J=60°. 
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NCHES 


10 gamma 


Fic. 11. Total intensity field of 5 inchX 5 inchXo.5 inch model located at a depth of 
10 inches below the plane of observation, in an inducing field of /=60°. 


of 5 inches, 7.5 inches and 1o inches respectively. The inducing field is 53,400 
gammas inclined 60° from the horizontal. The fields of the models at the 5 inch 
and 7.5 inch depths were complied directly from observations and the other field 
was theoretically determined by the process of analytical continuation. The 
general magnetic features of a mass distribution in a total intensity field are well 
illustrated. The maximum is displaced to the south of the center of the body and 
a well-defined minimum appears at the north. As the depth of burial of the model 
increases, the anomaly becomes broader, diminishes in amplitude and the maxi- 
mum is displaced more and more to the south. 


THEORETICAL AND PRACTICAL EXAMPLES 


To illustrate the method of superposition of fields, an arbitrary theoretical 
field (Fig. 12) is built up using the calculated fields of several models all subject to 
inducing fields of inclination 60° and amplitude 53,400 gammas. The model 
dimensions and method of combination are indicated in the diagram. The 
susceptibility of the models is approximately 0.06 c.g.s. units. Demagnetization 
factors were not applied. 
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As a practical illustration demonstrating the method of interpretation, the 
magnetic anomaly over Great Sitkin Island, one of the volcanic islands near the 
middle of the Aleutian Islands, was selected for analysis. This is particularly 
suitable for analysis because the geometry of the anomalous magnetic mountain 
mass is known, thus permitting a comparison of the shapes of both computed 
and observed fields. Because no samples were obtained for susceptibility determi- 
nations, a theoretical average susceptibility will have to be assigned to the rocks 
in order to make the magnitudes of both observed and computed anomalies agree. 

Great Sitkin island (Simons and Mathewson, 1947) is about 11 miles in diame- 


Models used 
10"x 20"model ot 6" 5"xS"model at 55" \ 
S"xl0"model ot 55" 5"x5"model at 5° 
5"x5"model at 5" 


All models have an approximate susceptibility k'= 06 
Demagnetization factors have not been applied ee 


Scale 
5 Inches 


Contour interval: 100 gammas 


Fic. 12. Total intensity magnetic map resulting from a combination of model 
fields in an inducing field of 53,400 gammas and inclination 60°. 
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ter and rises to an average height of 4,500 feet except for a small peak of 5,740 feet 
on the east edge of the present vent. The oldest rocks exposed are the Finger Bay 
volcanics (Paleozoic?) which form the rugged headlands of the south and south- 
east coasts. The Sand Bay volcanics (Tertiary) form most of the southern half 
of the island and the Great Sitkin volcanics (late Tertiary and Quaternary) form 
the northern half of the island including the present cone. All the rocks of the 
island are either andesitic or basaltic with some alteration present in the oldest 
rocks. 

An aeromagnetic survey over Great Sitkin was made by the U. S. Geological 
Survey in 1947 (Keller, Meuschke and Alldredge, 1954), at a flight elevation of 
7,500 feet and flight spacing of approximately 1 mile. The resulting contoured 
map of the magnetic field shows a broad anomaly covering the entire island and 
more than 500 gammas in amplitude on which is superimposed several anomalies 
considerably smaller in both amplitude and areal extent. These smaller anomalies 
are probably due to igneous plugs which have intruded into the rocks and litho- 
logic contrasts within the mountain itself. 

In effecting the comparison between the observed and computed magnetic 
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Fic. 13. Generalized topographic map of part of Great Sitkin Island, Alaska. 
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fields, two auxiliary maps were constructed. The contours representing the rugged 
topography of the island were replaced by smooth generalized contours in order 
to facilitate the selection of the models. This generalized map is given in Figure 
13. Also, the smaller anomalies were removed on the magnetic map so that we 
may ascribe a uniform susceptibility to the huge volcanic mass. This smoothing 
process was effected by using the subjective method of eye-balling the contours. 
In this manner, a smooth regionalized contoured map (Fig. 14) was obtained 
which, in the main, represents the magnetic expression of the topography of the 
volcanic island. Through a careful consideration of the regional topographic map, 
appropriate models were selected and the calculated model fields superimposed, 
yielding the resulting magnetic field shown in Figure 15. Comparison between 
Figures 14 and 15 indicate excellent agreement considering the crudeness of the 


approximations. 

A susceptibility of o.o1 c.g.s. units was assumed to obtain the proper ampli- 
tude. This value although slightly high for mafic rocks is not unreasonable, as 
magnetite was discernible in several hand specimens in this area (Simons and 
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Fic. 14. Regional aeromagnetic map of Great Sitkin Island, Alaska. 
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50 gommas 


Fic. 15. Computed magnetic anomaly of Great Sitkin Island, Alaska using prismatic models. 


Mathewson, 1947). As in the previous illustration the demagnetization factors 
were not applied. 
SUMMARY AND CONCLUSIONS 


The application of the model fields described presents an effective method for 
aeromagnetic interpretations involving three-dimensional structures. The anom- 
alous field can be readily calculated by replacing the known distribution by the 
proper array of prismatic blocks and utilizing the normalized contoured maps of 
these blocks which will be made available as part of a final report. If the anoma- 
lous field is known, the distribution of blocks may be altered until a proper fit 
is obtained. Although the method lacks high accuracy, it has the advantage of 
allowing rapid calculations. 

It must be emphasized that any interpretation of observed magnetic data 
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should be made cautiously because, in general, the solution is not unique. The 
susceptibility, the depth of burial, and the shape of the perturbing mass distribu- 
tion all enter as parameters and the observed field may always be approximated 
by several combinations of these parameters. However, when two of these quan- 
tities are known, the third may be reliably determined. 


REFERENCES 


Alldredge, L. R., and Dichtel, J. J., 1949, Interpretation of Bikini magnetic data: Am. Geophys. 
Union Trans., v. 30, p. 831-836. 
Ballarin, S., 1948, Isoanomale magnetische relative ad una massa omogenea di forma parallelepipida 
magnetizzata uniformente dal campa magnetico terrestre: Riv. Geomin., anno 9, p. 1-31. 
Bullard, E. C., and Cooper, R. I. B., 1948, The determination of the masses necessary to produce a 
given gravitational field: Royal Soc. London Proc. Ser. A, v. 194, p. 332-347. 

Fisher, J. W., 1940, An experimental device for computing magnetic and gravitational anomalies: 
Geophysics, v. 5, p. 22-30. 

Gassman, Fritz, 1951, Graphical evaluation of the anomalies of gravity and the magnetic field caused 
by three-dimensional bodies: Third World Petroleum Congress Proc., Section I, p. 613-621. 

Grant, Fraser S., 1952, Three-dimensional interpretation of gravitational anomalies, Part I: Geo- 
physics, v. 17, p. 344-365. 

Grant, Fraser S., 1952, Three-dimensional interpretation of gravitational anomalies, Part II: Geo- 
physics, v. 17, p. 756-780. 

Heiland, C. A., 1940, Geophysical exploration, New York, Prentice-Hall, Inc. 

Henderson, R. G., and Zietz, I., 1949, The upward continuation of anomalies in total magnetic-in- 
tensity fields: Geophysics, v. 14, p. 517-535. 

Hughes, D. S., and Pondrom, W. L., 1947, Computation of vertical magnetic anomalies from total 
field measurements: Am. Geophys. Union Trans., v. 28, p. 193-108. 

Keller, F., Meuschke, J. L., and Alldredge, L. R., 1954, Aeromagnetic surveys in the Alleutian, 
Marshall, and Bermuda islands: Am. Geophys. Union Trans., v. 35, p. 558-572. 

Lancaster-Jones, E., 1929, The computation of gravitational effects due to irregular mass distribu- 
tions: Royal Astron. Soc. Monthly Notices, Geophys. Supp., v. 2, p. 121-140. 

Levine, S., 1941, The calculation of gravity anomalies due to bodies of finite extent: Geophysics, v. 6, 
p. 180-196. 

Osborn, J. A., 1945, Demagnetizing factors of the general ellipsoid: Phys. Rev., v. 67, p. 351-7. 

Peters, Leo J., 1949, The direct approach to magnetic interpretation and its practical application: 
Geophysics, v. 15, p. 290-321. 

Pirson, Sylvain J., 1940, Polar charts for interpeting magnetic anomalies: Am. Inst. Min. Metall. 
Engineers Trans., v. 138 (Geophysics), p. 173-192. 

Rumbaugh, L. H., and Alldredge, L. R., 1949, Airborne equipment for geomagnetic measurements: 
Am. Geophys. Union Trans., v. 30, p. 836-849. 

Simons, F. S., and Mathewson, O. E., 1947, Geology of Great Sitkin Island: U. S. Geol. Survey 
Alaskan Volcano Investigations Rept. no. 2, p. 57-70. 

Tsuboi, C., and Fuchida, T., 1938, Relation between gravity anomalies and the corresponding sub- 
terranean mass distribution. II: Tokyo Univ. Earthquake Research Inst. Bull., v. 16, p. 273-284. 

Vacquier, V., Steenland, Nelson C., Henderson, Roland G., and Zietz, I., 1951, Interpretation of 
aeromagnetic maps: Geol. Soc. America Mem. 47. 

Werner, S., 1945, Determinations of the magnetic susceptibility of ores and rocks from Swedish iron 
ore deposits: Sveriges Geol. Undersokning, Ser. C, Arsbok 39, no. 5, 79 p. 


‘ 
4 
4 
4 


GEOPHYSICS, VOL. XXI, NO. 3 (JULY, 1956), PP. 815-827, 13 FIGS. 


GEOPHYSICAL HISTORY OF 
PARENTIS OIL FIELD, FRANCE* 


RAOUL VAJKf ann GEORGE WALTON{ 


ABSTRACT 


In 1951, the French Government granted an exclusive exploration permit to the Esso R.E.P. 
(a Standard Oil Company affiliate) over an area of 4,357,980 acres around Bordeaux in the northern 
part of the Aquitaine Basin, France. This area was investigated first by surface geology; then it was 
surveyed by the gravity meter. In checking the gravity anomalies by the reflection seismograph, a 
subsurface structure was found at Parentis in 1953, which was drilled in 1954, and was proved to be 
oil bearing. The Parentis oil field is the most important oil field, not only in France, but in all Europe 
outside the Iron Curtain. 

Gravity map, seismograph map, seismic profiles, telluric map and geological contour maps, and 
cross sections of the Parentis structure are presented. 


INTRODUCTION 


In February, 1951, the French Government granted to Esso Standard, 
France, an affiliate of Standard Oil Company (N.J.) an exclusive exploration 
permit covering an area of 4,357,980 acres around Bordeaux, France (Fig. 1). 
This permit covers the northwestern part of the Aquitaine, or Bordeaux Basin, 
which lies immediately north of the Pyrenees mountains (Fig. 2). It is bordered 
to the north by the Massif of Brittany and to the northeast and west by the Mas- 
sif Central. Geologically, this basin is open to the west to the Atlantic Ocean. 

The southern part of the Bordeaux Basin is covered by the Permits of two 
French Companies, the Societe Nationale des Petroles d’Aquitaine (S.N.P.A.) 
and of the Regie Autonome des Petroles (R.A.P.). 

A great number of wells were drilled during the last twenty years or so in the 
Bordeaux Basin, mainly in its southern part, for oil and other minerals. The only 
success in finding hydrocarbons was the discovery of the Saint Marcet gas field 
in 1939, and a small oil field at Lacq in 1949, both near the foothills of the 
Pyrenees. 

Esso Standard, France, started its exploration in the Bordeaux Basin im- 
mediately after the Permit was granted. A surface geological survey and basin 
studies began early in 1951. A gravity meter survey was started on May 1, 1951, 
and was completed in May, 1952. An experimental telluric survey was carried 
out at the end of 1951 and during the spring of 1952. A few magnetometer pro- 
files were run across the Permit and over to the margins of the basin in order to 
obtain some information as to the thickness of the sedimentary fill in the northern 
part of the Permit. The seismograph survey was started in 1952, immediately 


* Presented at the 25th annual meeting of S.E.G. in Denver, Colorado, October 5, 1955. Included 
in Vol. II, Geophysical Case Histories. Manuscript received by the Editor January 20, 1956. 

¢ Standard Oil Company (N. J.), New York, N. Y. 

t The Carter Oil Company, Tulsa, Oklahoma. 
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Fic. 1. Distribution of French sedimentary basins. 


after the gravity survey was completed. This is still in progress, evaluating vari- 
ous parts of the Permit and detailing structures. 

The basin studies and paleogeographical investigations indicated that the 
southern part of the Permit has a thick and probably rather complete sedimen- 
tary section and is therefore favorable for the occurrence of oil. Due to the lack 
of wells, no definite conclusions could be drawn for the basin development in the 
northern part of the area. Originally it was thought that the entire Permit area 
was relatively shallow. Later wells drilled in the southern part of the area, es- 
pecially the deep test at Roquefort just below the southern border of the Permit, 
changed this conception considerably. 


THE MAGNETIC SURVEY 


The northern part of the area was still regarded as relatively shallow. The 
magnetometer profiles across the Permit showed very little change in the vertical 
component of the magnetic intensity (Fig. 3). This indicates that the igneous 
basement is probably at a considerable depth in the entire area of the Permit. 
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Fic. 2. Areal map of the Bordeaux Basin showing the location of 
the Permit area and the Parentis field. 


However, a test drilled at Carcans, west of Bordeaux, found crystalline schists 
at the depth of 6,331 ft. This well is located on the top of a structure and the aver- 
age depth to the basement must be greater than that depth. Anyway, it is a short- 
coming of the magnetic method that it cannot distinguish between non-magnetic 


sediments and non-magnetic metamorphic rocks. 
THE GRAVITY SURVEY 

The gravity meter survey in the Bordeaux Permit is of a semi-detailed char- 
acter. The gravity meter stations were located along lines four to five miles apart 
with an interval of about half a mile. Where an anomaly was found, it was de- 
tailed to the extent that it could be outlined and its importance determined. 

All together, 8,807 gravity meter stations were made within the concession 
which corresponds to a station density of 1.2 stations per square mile. The 
Bouguer gravity map (Fig. 4) shows a large regional gravity minimum with the 
center near Libourne (east-northeast of Bordeaux) with a gravity value of —44 
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Fic. 3. Magnetic profiles in the Bordeaux Permit area. 


milligals, which is the lowest gravity value within the Permit. The highest 
gravity value, +19 milligals, was observed at Mimizan in the southwest corner 
of the area. 

From the Mimizan gravity high a gravity ridge strikes in an east-southeast 
direction across the Bordeaux Basin, dividing it into two regional gravity low 
areas. This suggests that the actual basin is divided geologically into two sepa- 
rate parts. However, the opinions of the geologists are still divided on this inter- 
pretation. 

As cah be seen on the gravity map, numerous gravity anomalies are indi- 
cated by the Bouguer isogams. Using a profile method, a residual gravity map 
was constructed. The southwestern part of the residual gravity map is shown in 
Fig. 5. The Mimizan gravity high, although considerably reduced in intensity, 
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is still shown as a residual high. The northeast striking gravity nose adjoining 
the Mimizan gravity high is more pronounced on the residual map than it is on 
the Bouguer map, and its northeastern end turns toward the east. Several of the 
residual highs were checked by the reflection seismograph and this gravity nose 
was also investigated. This led to the discovery of the Parentis structure, which 
is, however, considerably displaced from this gravity nose and has an east-west 
strike instead of a northeast-southwest, as will be discussed later. 
The first vertical derivative of the gravity was also computed and its anoma- 
lies in the southwest corner of the Permit area are shown on Fig. 6. The first 
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Fic. 5. Residual gravity map of the Parentis-Mano area. 


derivative map shows also the Mimizan gravity high, but there is no indication 
on this map corresponding to the northeast striking gravity nose. 
THE TELLURIC CURRENT SURVEY 

The telluric current survey (Fig. 7) shows a weak positive anomaly along 
Lake Parentis, but its strike and position is different from those of the Parentis 
structure. 

It should be mentioned here that the gravity and telluric anomalies gave a 
strong indication of the Mano structure which is located about 20 miles north- 
east of the Parentis structure. The Mano structure was confirmed by the seismo- 
graph and was drilled but was found barren. No satisfactory explanation can be 
offered for the failure of the gravity and telluric methods in the Parentis area. 


SEISMOGRAPH SURVEY 


Topography 

The Parentis area is heavily wooded. It was originally a long sandy coastal 
waste, but was forested with Carolina resin pines during Napoleon’s time. Parts of 
the area have been recently burnt over and are covered with thorny vegetation. 
These parts, due to the hidden stumps, constitute more of a field problem than 
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ic. 6. First vertical derivative of gravity of the Parentis region. 
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do the forests. The fire breaks in the forests were used for trails in the first seismic 
survey. Some portions of the area around Lake Parentis were poorly drained and 
were inaccessible at the time of the early shooting. The lake itself is fresh water 
fed by the surrounding local streams. It is a focus of attention as it lies directly 
over the axis of the Parentis anticline. It is difficult to see any relationship of the 
topographic expression in the form of this triangular lake to that of the under- 
lying structure, yet the superposition is so obvious that it must give some reason 
for speculation. Artesian conditions were found in the shot holes on the east end 
of the lake near the location of the discovery well. Between the lake and the At- 
lantic Ocean is an area of sand dunes. 


Field Technique 


Esso Standard began seismic work in April, 1952, on Mano, gravity anomaly 
20 miles northeast of Parentis. In that area it became necessary to use multiple 
holes and a star pattern of geophone arrangement in order to get useable reflec- 
tion energy. As it has turned out, the starting point at Mano is probably the 
worst reflection area within the Permit. This was fortunate, as the same tech- 
niques required for getting results at Mano were successful in obtaining the 
deeper reflections at Parentis. Parentis is not a good reflection area, by ordinary 
standards. 

The field work was done by C.G.G. (Compagnie Generale de Geophysique), 
an affiliate of the Schlumberger Corporation, under the supervision of Mr. H. L. 
Brewer of The Carter Oil Company. Most of the work was continuous profiling 
using a Star pattern of 36 geophones per trace with shot holes spaced 870 ft.apart. 
This close spacing of shot holes was necessary for giving an intelligible seismo- 
graph record in view of the strong and erratic dips at depth in the presence of a 
great amount of subsurface interference on the records. 

As already mentioned, the initial program was to check the most important 
gravity leads first, in order to make drilling locations for the evaluation of the 
area. The first line shot at Parentis was planned to cut across the residual nose 
on the large Mimizan gravity maximum. Although the center of the gravity 
feature does not lie on the Parentis structure, the first line was so placed as to pick 
up unmistakable evidence of anticlinal structure. Fortunately, the line was long 
enough. Seismic section (A-A’) Fig. 8 was the first one shot in this area. It is 
presented here to show the reflection distribution with depth. There is a concen- 
tration of energy in the first second of the records. The deeper reflection energy 
is actually much weaker in proportion on the records and lacks continuity. It is 
felt that it is entirely due to the use of pattern geophones here that this structure 
was found, as by their use there was less attenuation of reflection energy from the 
deeper horizons where the structure is developed. 


Interpretation 


The mapped horizon shows fair continuity on this particular section (Fig. 8). 
However, it did not lend itself to easy correlation. On succeeding sections it was 
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Fic. 8. Seismic cross-section of the Parentis anticline. 


identified as the first well-defined reflection below the second unconformity. This, 
of course, assumed the persistence of the unconformities over the area. However, 
as there were many breaks in continuity on the lines, this means of identification 
was frequently relied upon. It proved to be dependable. Even on the later work, 
when there was still no tie between the shooting on the west side of the lake with 
that on the east, this same method of reflection identification has proved to be 
quite accurate. 

Fig. g shows the seismic map at the time of making the location for the first 
well. Although the map lacks completeness in the lake and on the west, never- 
theless, it was felt that west closure was already suggested by the shape of the 
peripheral contours on this map. Later seismograph work and drilling has proved 
this assumption to be reasonable. Fig. 10 shows a map on a strong energy zone in 
the Tertiary. The slight nosing is the only indication of the Parentis structure. 


Depth Prediction 


The depth to the top of the second unconformity was predicted to be around 
7,200 ft. Although no shows were encountered in the overlying section, the first 
well was drilled on to this depth where the top of the reservoir was found. Until a 
velocity survey was run in the well it looked like the seismograph had performed 
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Fic. 9. First seismic map of the Parentis structure made on the top 
of the lower Cretaceous made in August, 1953. 
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an amazing feat of predicting the depth to production. As it turned out, the veloc- 
ities used were too high due to the abnormal thickness of the Tertiary and the 
mapped horizon was well above the producing zone. The seismograph interpre- 
tation, however, was the first to call attention to the unusual thickness of the 
younger beds that was actually encountered in the drilling of the discovery well. 


Later Detailed Mapping 


Fig. 11 shows the results of later detailed mapping. The map shows more con- 
trol to the west, but leaves the main part of the Parentis structure unchanged. 
The synclinal area on the southeast is interpreted as a fault zone. On the first 
attempt at working the west side of the lake, the area seemed inaccessible. It 
lacked roads or trails and was irregularly covered with sand dunes. Through 
persistence this area was later mapped, but only after the discovery well was 
drilled. 

THE PARENTIS FIELD 


Production is mainly from a dolomitized zone in the basal part of a Lower 
Cretaceous limestone sequence (Fig. 12). The upper part of this sequence is not 


Fic. 11. Later detail seismic map on the top of the Lower Cretaceous made in May, 1955. 
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Fic. 12. Cross-section through the Parentis anticline, section B-B’ in Fig. 13. 


dolomitized. This is somewhat enigmatic as one would normally expect the 
dolomitization to be at the top of the series. It is irregular in its depth and degree 
of occurrence and is not related to any recognized unconformity within the lime- 
stone series. 

Production has been established also in the upper dense part of this limestone 
section. It is fine grained with small nearly vertical fractures. Productive inter- 
vals within this zone are separated by shale or dense limestone streaks. The total 
productive interval in the upper zone varies from 266 to 754 ft. The lower zone, 
the dolomitized part, is highly vugular, cavernous and fractured, with individual 
productive units separated by dense compact dolomitic limestone or dolomite. 
The total thickness of the lower zone found above the water table varies from 
0 to 600 ft. 

Above the reservoir is a shale interval of about 1,000 ft. in thickness. This is 
also Lower Cretaceous in age. It is capped by an upper Cretaceous cherty lime- 
stone. Although this limestone has good porosity and well developed structural 
closure, it gives no hint of being productive. It is about goo~1,000 ft. thick. 

Overlying the Cretaceous are about 5,000 ft. of Tertiary beds representing 
Eocene, Oligocene, Miocene, and Pliocene ages. No shows have been found in 
this section. 

Fig. 13 is a subsurface map of the Parentis oil field contoured on the top of 
the reservoir. Since the axis of the structure lies in the middle of the lake, the 
actual shape and extension of the structure is not definitely known. It seems to be 
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Fic. 13. The Parentis oil field. Structure map from well depths. 
Contours are on the top of the reservoir. 


fitting the seismic picture reasonably well. Therefore, it is too early to give any 
reserve estimate. It appears certain, however, that Parentis is a major oil field. 
It is currently producing 12,500 bbls. per day from 7 wells. This daily produc- 
tion will be increased as more wells are drilled in the lake. 

Its importance as a discovery is magnified by its geographical location. It is 
the most important discovery in France and promises to be the biggest field 
discovered to date in western Europe. 
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THE REFRACTION SEISMOGRAPH IN 
THE ALBERTA FOOTHILLS* 


G. J. BLUNDUNT 
ABSTRACT 


In the Alberta foothills the most valuable use of the refraction seismograph is for the definition 
of overthrust faulting in the Mississippian limestone which is overlain by a faulted, overthrust, and 
overturned Cretaceous section. Normally, two refracted arrivals are recorded with characteristic 
interval velocities of 14,000 ft/sec and 21,000 ft/sec, the former arising from an unknown Cretaceous 
marker, and the latter from the Mississippian. In contrast to a shot-range of 65,000 ft required to 
record the refracted arrival from the Mississippian at a depth of 10,000 ft as the first event, a range 
of 20,000 ft permits recording it as the later event, with consequent improvement in the quality and 
reliability of the data, reduces the amount of surveying required together with smaller dynamite 
charges, and improves radio communication. A geophone spread of 6,300 ft with single geophones 
at 300 ft intervals recorded on 22 traces is recommended. 

Both in-line and broadside refraction with the Mississippian arrival recorded as the later event 
have been used successfully with certain advantages to each method. The former permits continuous 
determination of the interval velocity of the refracted events as well as providing two-way control; 
the latter is considerably faster, and often faulting may be observed directly on the seismograms 
without reduction of the data. Specimen seismograms are included to illustrate the two methods. 

Field operating conditions pertaining to survey tolerances, shot formation, size of dynamite 
charges, the weathering shot as a polarity check, filtering, geophone frequency, and costs are dis 
cussed. 


INTRODUCTION 

As illustrated in Fig. 1 the foothills area of Alberta, Canada, lies immedi- 
ately to the east of the front range of the Rocky Mountains; the areas of current 
interest in these foothills are Pincher Creek, Savannah Creek, Turner Valley, 
Jumping Pound, and Brazeau. 

The refraction seismograph is of the greatest significance for the definition of 
overthrust faulting in the Mississippian limestone of the Alberta foothills; 
secondarily, it provides data for the construction of a map of the Mississippian. 
One considerable disadvantage in its use is that only one, two at best, horizons 
may be mapped; further, it is costly. However, in conjunction with reasonably 
good velocity control, good refraction data can be very useful, and may be ac- 
curate to within less than + roo ft for depth measurement. 

The topography undulates from deep valleys to high ridges, usually with a 
thick timber and brush cover which necessitates the clearing of lines by an axe 
crew or bulldozer before work may commence. 

The sedimentary section overlying the Mississippian limestone series, as 
represented in Fig. 2, consists mainly of fissile shales, and hard, competent sand- 
stones of Upper and Lower Cretaceous age, together with the Jurassic and Tri- 
assic beds. These shales and sandstones have been overthrust, faulted, and even 


* Presented before the Society at its Denver meeting, October 4, 1955. Manuscript received by 
the Editor December 16, 1955. 
} Oilwell Operators Limited, Calgary, Alberta, Canada, now known as the Home Oil Company. 
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Fic. 1. Areas of current interest in the Alberta foothills (After T. A. Link). 


overturned as a result of the movement in the Paleozoic. The eastward thrust- 
ing produced thrust blocks and slices in the limestone with horizontal displace- 
ments of the order of 3,000 ft. The Mississippian is found as shallow as 3,500 ft 
in Turner Valley, and as deep as 12,000 ft at Pincher Creek. 

Be it the refraction or reflection seismograph in the Alberta foothills, the 
possible presence of high velocity material in the Cretaceous section which may 
introduce false evidence of structure in the Mississippian demands continuous 
vigilance. 

Velocities have been measured in some wells in the localities of current inter- 
est in the foothills, but velocity data in the remainder is sparse. Generally, the 
average vertical velocity to the Mississippian is known to be 12,000 to 13,000 
ft/sec; near-surface velocity for the reduction of surface elevations approximates 
10,000 to 11,000 ft/sec. 


SEQUENCE OF REFRACTED EVENTS 


Reference to Fig. 3, which is a time-distance plot of the typical refracted ar- 
rivals obtained with the refraction seismograph in the southern Alberta foothills, 
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Fic. 2. Typical overthrust fault in the Mississippian limestone in this cross- 
section of the central Turner Valley area (After B. W. Gallup). 


reveals that two events are recorded,—one with an apparent interval velocity 
of almost 14,000 ft/sec arising from an unknown Cretaceous marker which sel- 
dom persists with sufficient continuity to warrant mapping, and another with an 
apparent interval velocity of 21,000 ft/sec arising from the Mississippian at a 
known depth of 10,000 ft. In this example the critical distance, i.e. the distance 
from the shotpoint to the nearest geophone when the two events arrive simul- 
taneously is 44,200 ft. If the refracted arrival from the Mississippian is to appear 
first on the seismogram, then the shot-range, i.e. shotpoint to geophone separa- 
tion, will need be on the order of 60,000 to 65,000 ft. This practice is not recom- 
mended for the Alberta foothills because the total travel time of over 4 seconds 
through a very complex section is doubtful of accurate resolution, the survey 
distances involved are unwieldy, large charges of dynamite are necessary, the 
quality of the refracted events deteriorates, and difficulties in radio communica- 
tion increase. If the refracted arrival from the Mississippian is to be recorded as 
the later event and to be separated by 0.3 to 0.4 seconds from the first, slower 
speed event for ease of reading, then the shot-range should be 20,000 to 35,000 ft, 
dependent upon the depth of the limestone. This is the practice recommended, 
which has none of the disadvantages noted in the alternate case. 

The suggested geophone spread is one of 22 single geophones at intervals of 
300 ft for 22 traces, to provide a spread length of 6,300 ft; usually, the smaller 
the geophone interval the better the quality of the refracted events. Care must 
be taken not to lengthen excessively the spread to be recorded from any single 
shotpoint, which would overweight the spread data as opposed to that deter- 
mined at the shotpoint. 
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Fic. 3. Typical refracted arrivals in the Alberta foothills, from the Mississippian 
limestone at a depth of 10,000 ft. 


IN-LINE REFRACTION 


Fig. 4 illustrates a method of survey for geophone and shotpoint stations for 
in-line refraction, two way control, in which the station numbering is continuous, 
with the origin, 500-++00, normally tied to a section corner. For ease of subsequent 
interpretation the geophone line should be straight. Each spread overlaps the 
next by two traces, i.e. traces 21 and 22 become traces 1 and 2, respectively, of 
the next spread. The shotpoints are numbered similarly to the spreads into which 
they are fired, with the direction indicated from shotpoint to spread, to provide 
two way control. Reverse control is obtained for pairs of spreads at coincident 
shotpoint-geophone stations, e.g. S.P. 1E and S.P. gW. The separation of the 
shotpoint from each geophone is determined readily by subtraction. 

Two in-line refraction seismograms, of comparable shot-range, are shown in 
Fig. 5, where the refracted arrival from the Mississippian at a depth of 9,000 ft is 
recorded as the later event. The change in separation between the two arrivals 
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Fic. 4. Survey system for in-line refraction with two-trace overlap for successive geophone 
spreads, constant shot-range of 22,000 ft to provide two-way control and record the Mississippian 
refracted arrival as the second event. 
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Fic. 5. Specimen seismograms of in-line refraction in which the second arrival is refracted 
from the Mississippian at a depth of 9,000 ft. 
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from the top to the bottom record is due to a fault in the Mississippian of throw 
of 2,200 ft that lies between the two different geophone spreads recorded in op- 
posite directions on the same geophone line. The small charge of dynamite fired 
in each case is noteworthy. 

Additional in-line refraction seismograms of 48 traces each, illustrated in Fig. 
6, is an example of a practice to save holes and obviate reshooting, whereby 24 
traces are recorded on high sensitivity, and 24 traces on low. 

It is evident that the second refracted arrival on the bottom record arises 
from the drag fold or lip of the upper limb of a Mississippian overthrust fault 
lying at a depth of 12,000 ft. This phenomenon is seldom so clearly defined by the 
in-line refraction seismograph. 

In-line refraction is recommended as the method to be used on the first 
line to be shot in any new area, preferably on strike, for accurate measure- 
ment of the interval velocities of the refracted arrivals, both over-all and locally, 
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Fic. 6. Specimen seismograms of in-line refraction in which the second arrival is refracted from 
the Mississippian at a depth of 12,000 ft. Dual recording of 24 traces each on high and low sensitivity 
is used to save holes. 
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Fic. 7. Survey system for broadside refraction with two-trace overlap of successive geophone 
spreads, minimum shot-range of 22,000 ft to record the Mississippian refracted arrival as the second 
event, 


from the two way control. However, to map the Mississippian lying at a depth 
of 8,000 ft, or greater, the length of the geophone line should be at least 12 
to 15 miles to provide a sufficient and dependable number of depth control points. 
Faults defined and control data measured are assumed to lie in the same vertical 
plane as the shotpoint-geophone line. 


BROADSIDE REFRACTION 


The survey pattern of the geophone line and shotpoints for broadside refrac- 
tion is represented in Fig. 7. The system of continuous station numbering, and 
spread distribution on a straight geophone line is similar to that for in-line refrac- 
tion. However, the shotpoints are located on two lines parallel to, but separated 
from the geophone line by a distance determined from previous in-line refraction 
to provide the most suitable shot-range, 22,000 ft in this instance, which will 
maintain and identify the second refracted arrival as that from the Mississippian. 
The disposition of shotpoints along the shotpoint lines is a matter of preference, 
as is also the number of spreads to be recorded from any one shotpoint; the 
recommended spread coverage recorded from one shotpoint should not exceed 
30,000 ft. If this should be exceeded the slant distance to the outside geophones 
may approach the critical distance previously referred to, and the two refracted 
arrivals approach one another to render the reading of either one difficult. Four 
spreads of 6,000 ft each for a total recorded geophone coverage of 24,000 ft is 
adequate. The resultant line of control data from broadside refraction lies half- 
way between the shotpoint and geophone line, and parallel to the latter. 
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Fig. 8 is a group of four seismograms from four consecutive spreads fired broad- 
side from a single shotpoint, with minimum shot-range of 19,600 ft. The shot- 
point is located opposite the centre of the group with the refracted arrival from 
the Mississippian recorded as the second event. At the centre of the group where 
the shot-range is the shortest, the separation between the two arrivals is the great- 
est; as the shot-range to the outer geophones increases toward the critical dis- 
tance the amount of this separation decreases. Once again, the size of the dyna- 
mite charges is significantly small. 

In Fig. 9 is shown another group of four broadside refraction records which 
were recorded in a similar manner, but in this instance define a Mississippian fault 
at 10,000 ft in depth with a throw of 2,000 ft by means of the second refracted ar- 
rival. An apology is offered for the poor photography on some of these records; 
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Fic. 8. Four specimen seismograms of broadside refraction recorded from four successive spreads 
out of one shotpoint at a minimum shot-range of 19,600 ft in which the second refracted arrival arises 


from the Mississippian at a depth of 9,000 ft. 
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Fic. g. Four specimen seismograms of broadside refraction recorded from four successive spreads 
out of one shotpoint at a minimum shot-range of 20,000 ft in which the second refracted arrival 


defines a fault in the Mississippian at a depth of 9,000 ft. 


nevertheless, this is a good example of fault definition in the Mississippian by 
broadside refraction. The dynamite charges are relatively small. 
The advantages of broadside refraction are: 
(a) It is considerably faster than in-line refraction in that two lines of 
control data, one on each side of the geophone line, can be obtained simultaneous- 
ly with a shooting truck on each side progressing from shotpoint to shotpoint as 


the spread progresses along the geophone line. 
(b) Fault definition in the Mississippian may be observed directly on the 


records before reduction of the data to cross-section form, and permits location of 
the fault immediately; it is, therefore, of peculiar value on dip lines. 


The disadvantages of broadside refraction are: 
(a) The interval velocity of the refracted arrivals cannot be measured. 
(b) Reverse and two way control is not provided. 
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Let there be no doubt as to the efficacy of the use of the broadside refraction 
seismograph; experience in the Alberta foothills has provided ties of the order of 
100 ft, or better, with crossing lines, both broadside and in-line, together with 
wells drilled to the Mississippian. 


OPERATING OBSERVATIONS 
The quality of the refracted arrivals should be good enough to permit cor- 
relation from trace to trace, and record to record. 
In survey a tolerance of + 50 ft in a horizontal distance of 22,000 ft is permis- 
sible, while one of + 10 ft in elevation is satisfactory. Government township plats 
which contain the distances in chains along the side of each section should be 


Fic. 10. Broadside refraction seismogram recorded at a shot-range of 21,600 ft with 5 Ibs. of 
dynamite; the second arrival is from the Mississippian at a depth of 9,000 ft. 


used to check the location of surveyed stations. Use of a transit is preferable to a 
plane table. 

It has been observed that almost without exception the quality of the record 
obtained was dependent upon the formation in which the shot was fired. Clay 
and shale were the best. Sandstone, and, of course, gravel and sand were to be 
avoided. Possibly the commonest error is overshooting. Charges of 15 to 50 
pounds with a shot-range of 20,000 ft and greater are usually ample. Fig. 10 is a 
seismogram taken at a shot-range of 21,600 ft with 5 pounds of dynamite. 

Linemen will persist in reversing the polarity of geophones occasionally when 
connecting them to the cables. If the weathering shot on the spread is taken be- 
fore any refraction records it will provide a check on polarity. Initial suppression 
should not be used. Automatic gain control with a normal time constant has been 
employed satisfactorily, with no filtering, although some filtering on the high 
side to reduce the effect of wind noise has not been harmful. A 26 conductor, 
portable cable, 6,300 ft long, split into four sections can be readily carried on 
breast reels together with 22 geophones. Slack of 5 ft was found to be adequate 
between geophone outlets at 300 ft intervals to cope with surface elevation 
changes of as much as 300 ft within the spread. 

The period of the refracted arrivals in the Alberta foothills is from .o40 to 
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.050 seconds, and has been satisfactorily recorded using geophones of frequency 
6 to 10 cps. On many days it may be necessary to bury geophones to reduce wind 
noise, or even to start shooting at daybreak and shut down at noon when the 
wind velocity is high. In the winter the snow cover has a beneficial effect in reduc- 
ing noise from wind when geophones are dug into the bottom of the snow and onto 
the frozen ground. 

All radio transmitters must be licensed by the Federal Department of Trans- 
port to operate on the geophysical frequency of 1652 kc. Power of 30 watts is 
adequate. 

In bush covered foothills two refraction spreads a day is normal practice. Sel- 
dom are three exceeded in the best of conditions. 

Operational costs per 208 hour crew month approximates $23,000 for record- 
ing, drilling, and bulldozing. 

Because there are numerous publications dealing with refraction interpre- 
tation, Gardner (1939), Dix (1952), Dobrin (1952), and Nettleton (1940), to 
name only a few, the subject has been omitted deliberately in this paper. 
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GEOPHYSICAL STUDIES IN THE INTERMONTANE BASINS 
IN SOUTHERN CALIFORNIA* 


DON R. MABEYf 


ABSTRACT 


Geophysical surveys were made by the U. S. Geological Survey in Searles Lake basin and in the 
Mojave Desert near Barstow, California to test the application of geophysical exploration to the 
study of the geologic problems associated with the intermontane basins of southern California. In 
Searles Lake basin a coordinated gravity and seismic reflection and refraction survey indicated that 
the fill in the basin is about 3,300 feet thick with the greatest thickness occurring east of the center 
of the basin. The regional gravity data from the area near Barstow can be used to estimate the thick- 
ness and extent of the Tertiary and Quaternary deposits. 


INTRODUCTION 


The Garlock fault separates regions of greatly differing surface and structural 
features. The area north of the Garlock fault (Fig. 1) is characterized by north- 
trending ranges and intervening basins of interior drainage. Some of the ranges 
are apparently fault blocks, and some of the basins are fault-bounded troughs; 
however, the geologic structure is complex, with adjacent blocks often having 
distinctly different geologic history. The geologic section is also complex and in- 
cludes rocks ranging in age from early Precambrian to Recent. During parts of 
the Cenozoic era fluviatile and lacustrine deposits were deposited in separate 
basins (Jahns, 1954). 

South of the Garlock fault the western Mojave Desert, which lies in the wedge 
between the Garlock and San Andreas faults, is generally characterized by hills 
with no definite trend surrounded by large alluvium-covered closed basins. The 
region is underlain by a pre-Tertiary “basement complex” composed largely of 
plutonic igneous rocks enclosing pendants of metasedimentary and metavolcanic 
rocks. The basement complex is overlain in places by nonmarine sedimentary, 
pyroclastic, and volcanic rocks of Tertiary age deposited in local basins. The 
Tertiary rocks are locally deformed and cut by volcanic intrusions. The pre- 
Tertiary and Tertiary rocks are overlain unconformably by alluvial sediments of 
Quaternary age which cover nearly all the valley areas. 

In addition to the academic interest in the geology of this region of southern 
California there are several economic interests the key to which is an understand- 
ing of the deposition of the Cenozoic sediments. Among the most important 
mineral resources of the region are the saline deposits in the Cenozoic sediments. 
The systematic search for additional saline deposits, such as those presently being 
developed at Searles Lake and at Boron, is dependent upon a knowledge of the 
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present disposition of the Cenozoic sediments and an understanding of the basins 
in which these sediments were deposited. Before an adequate evaluation of the 
petroleum possibilities of the Cenozoic section can be made, a knowledge of the 
depth, extent, and structure of the Cenozoic basins is necessary. Of critical im- 
portance, particularly in the Mojave Desert, is the development of the ground 
water resources to supply the agricultural developments and the expanding mili- 


fw. 
SIERRA \ 
\ ~ 
\ 
N 
\ 
ro | 
! 
\ 
Bokersfield, 
COAST 
RANGES DESERT \ 
Za 


- 


TRANSVERSE 


4 Cc, Los Angeles 


PENINSULAR 
) 
\ COLORADO: = 
DESERT 
0 20 40 60 80 100 | 
Scale in Miles A 


Fic. 1. Index map of southern California showing location of geophysical surveys. 


tary and industrial installations with their associated population growth. The 
region is largely dependent on the ground water stored in deep alluvium-filled 
valleys. As the precipitation is generally meager, these reserves are sustained 
from run-off originating in the mountain areas in and surrounding the desert. So 
that the ground water resources may be fully developed, it is necessary to locate 
the buried channels through which the recharge water moves, and also to locate 
the areas of fill where the water is stored. 

Some method of obtaining subsurface information in the areas of Cenozoic 
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fill is essential to an understanding of the geology of the intermontane basins. 
This is particularly important because of the cover of Quaternary deposits which 
imposes serious limitations on the information that can be obtained from surface 
geologic mapping alone. Geophysical exploration on a scale large enough to reveal 
the broader features of the Cenozoic geology is logically the first step in obtaining 
subsurface information. After geophysical surveys have indicated the major fea- 
tures, core drilling can be used to provide more direct information and provide 
control for a more detailed interpretation of the geophysical data. 

In 1953 the U. S. Geological Survey made a series of investigations to deter- 
mine what methods of geophysical exploration are applicable to the study of 
intermontane basins of southern California. Seismic reflection and refraction, 
ground and airborne magnetic, and gravity methods were tested under a variety 
of conditions. Because of the density contrast between the Cenozoic sediments 
and pre-Cenozoic rocks, gravity observations were found to yield the most con- 
sistently useful data in studying the problems relating to the intermontane 
basins. In local areas, notably Searles Lake basin and Panamint Valley, seismic 
methods produced pertinent information. In the western Mojave Desert the 
heterogeneous nature of the Cenozoic fill limits the usefulness of seismic methods; 
however, some fault traces can be located by refraction profiling. The magnetic 
observations give some information on the nature of the basin fill but most of the 
magnetic anomalies seem to reflect intrabasement features that have not been 
directly related to the study of the Cenozoic basins. 

The application of geophysical exploration to the problems of the inter- 
montane basins of southern California can be illustrated by a discussion of the 
gravity and seismic data collected in the Searles Lake basin and the gravity data 
collected in the Mojave Desert near Barstow. 


INVESTIGATIONS AT SEARLES LAKE 


The primary purpose of the geophysical work in Searles Lake basin was to 
determine the configuration of the bedrock under the basin fill. A secondary 
purpose was to obtain information concerning the stratigraphy and structure of 
the fill within the basin, particularly with regard to determining the lateral limits 
of the known saline deposits and detecting any additional deposits that might 
be present. 

Searles Lake basin (Fig. 2) is about 25 miles north-south by ro miles east- 
west. The basin is bounded on the east by the Slate Range and on the west by 
the Argus Range; to the north the basin is terminated by a junction of the two 
ranges; the trace of the Garlock fault approximates the southern boundary of 
the basin. Though the north-south trend of Searles Lake basin is typical of the 
Basin and Range province, the basin is smaller than most of the others in the 
region. There is direct and indirect surface evidence of faulting, but there is no 
conclusive surface evidence indicating whether the basin is primarily a structural 
or an erosional feature. 
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At least one deep lake has filled the basin to a level of about 640 feet above 
the present basin floor (1,616 feet). The maximum water level is determined by 
a pass at the southeastern corner of the basin through which the water overflowed 
into Panamint Valley (Gale, 1914). Large alluvial fans extend out into the basin 
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Fic. 2. Searles Lake, showing certain geologic features and location 
of seismic stations and traverses. 
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from the front of the Slate Range, and smaller fans occur along the front of the 
Argus Range. The Slate Range is composed primarily of pre-Tertiary sedimen- 
tary and metamorphic rocks, and the Argus Range is composed mostly of in- 
trusive rocks. 

Searles Lake, situated near the center of the basin, is unique among the playas 
of the region because of the variety of saline minerals contained in the lake sedi- 
ments. Although much of the playa surface is very soft and the water table is at 
or near the surface, there is water on only small areas of the surface under normal 
conditions. Near the center of the playa the uppermost of two major salt bodies 
is exposed. Where the salt is exposed there is a compact surface crust about two 
feet thick. Below this crust the salt body is composed of well developed crystals 
and has a high porosity. Saturated brine filling the pore space is pumped from 
selected areas and processed in the chemical plants. 

The upper salt body is lenticular and has a maximum thickness of about 
go feet. Away from the exposed center the salt is buried under lake muds, and as 
a result the lateral limits of the subsurface salt cannot be determined from surface 
indications. The lower salt body is smaller than the upper body and is separated 
from it by 12 to 20 feet of lake mud. Many holes have been drilled into and 
through the two salt bodies, but few holes have been drilled much below the base 
of the lower body, and no hole on the playa has been drilled to bedrock. 

Along the east and northeast edge of the playa zone is a feature known as the 
“trona reef.’’ This reef, which rises a few inches above the playa surface, is a 
saline efflorescence composed mostly of the hydrated sodium acid carbonate, 
trona, and apparently is the product of the evaporation of trona-bearing waters 
rising to the surface. Why the waters rise in this linear area has been a matter 
of conjecture. 

In the vicinity of the Searles Lake playa, 185 gravity stations were established 
over an area of about 80 square miles. The gravity coverage was extended onto 
the bedrock outcrops in the bordering mountains to obtain a background for 
interpreting the data over the basin floor. Gravity stations were established using 
a Worden gravimeter at bench marks and section markers. The elevations at the 
section markers were determined by level and transit surveying. All elevations 
are accurate to within 2 feet. The observed gravity values are considered accurate 
to within 0.2 milligal. 

The gravity was reduced to an arbitrary gravity datum and corrected for the 
effects of elevation, latitude, and terrain (through zone K on the Hammer chart) 
(Hammer, 1939). In making the elevation correction, a factor of 0.063 milligal 
per foot was used. This corresponds to a density of 2.43 gm/cm* which is thought 
to be about the bulk density of the alluvial fan material over which the greatest 
number of important elevation variations occur. 

The dominant gravity feature in Searles Lake basin is a large gravity low 
elongated in the north-south direction centered east of the present center of the 
basin. This is shown in Fig. 3, the Bouguer anomaly contour map with a one- 
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Fic. 3. Searles Lake gravity anomaly map. 
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milligal contour interval. The gravity minimum along the east edge of the playa 
is about 20 milligals less than gravity values on bedrock in the mountains on 
each side of the basin. The position of the low indicates that the fill in the basin 
is asymmetrical with the thickest section of fill occurring to the east of the center 
of the basin. Although it is apparent that the bedrock rises more abruptly to the 
east than to the west from the low point in the basin, there is no conclusive evi- 
dence of a major fault along the east side of the basin. The tightening of the grav- 
ity contours in the central part of T. 26 S., R. 44 E., indicates that the bedrock 
surface rises more abruptly in this area and may indicate the presence of a north- 
east-trending fault. Southwest of the playa there is gravity expression of a north- 
west-trending fault that has been mapped from surface evidence. 

Seismic tests were made over the salt bodies to ascertain if it is possible to 
determine the lateral limits of the salt. Observations were made on three lines 
across the playa to determine the depth to bedrock with refraction shooting 
being used for shallow depths and correlation reflection shooting for greater 
depths. For the seismic studies a 12-channel refraction seismograph and a 12- 
channel reflection seismograph were used. Shot holes were drilled to depths of 
from 15 to 30 feet with a power auger mounted on a truck. Refraction profiles 
covering about 9g traverse miles, with spreads ranging from 120 feet to 19,000 
feet, were obtained. Reflections were recorded at 12 stations. The location of the 
seismic profiles and stations is shown in Fig. 2. 

The shallow refraction tests over the salt body indicated that this method is 
not applicable to determining the lateral limits of the salt, at least along the south 
edge of the body where the tests were made. Computations made by conventional 
methods from the refraction records indicated the depth and dip of the bedrock 
surface to depths of 2,000 feet, where no near surface high velocity layers are 
present. In the deep parts of the basin the quality of the bedrock reflections 
varied from no reflections in the east to good reflections near the center of the 
present playa. The refraction and reflection data agreed satisfactorily in the 
western part of the basin. On some of the records in the deeper parts of the basin, 
more than one reflection was recorded. Where this occurred, the bedrock reflec- 
tion was correlated on the basis of character and a projection of the computed 
dip. The additional reflections, with one exception, seemed to come from hori- 
zons within the basin fill. 

Velocity tests made on the salt outcrop indicated a velocity of 10,000 fps for 
the surface salt. Where the salt was covered by about 30 feet of mud a test indi- 
cated a velocity of 7,700 fps for the salt body. The depth to the salt computed 
from the travel time curves agreed closely with the depth recorded in a well log. 
Nearer the south edge of the salt body the velocity of the salt body had de- 
creased to 5,300 fps. This velocity is about the same as was recorded for lake 
muds at similar depths where the salt is not present. As the velocity of the salt 
body decreases toward this edge until it is approximately that of the lake muds 
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at equivalent depths, the seismic refraction method could not be used, at least 
along this edge, to determine the lateral limits of the salt. 

The velocity of 10,000 fps recorded on the salt outcrop probably indicates 
only the velocity of the compact crust. Where the salt body is covered by mud 
there is no crust and the velocity of 7,700 fps is the velocity of the porous salt 
body. The decrease in velocity toward the edges of the salt body is probably the 
result of an increased mud content. 

The line CC’ (Fig. 2) across the southern portion of the lake did not cross 
any known salt deposits. Refraction profiles indicate a low-velocity layer three 
or four feet thick at the surface; the base of this layer is the water table. Below 
this is a 50 to 120 feet thick layer in which velocity is 4,800 to 5,500 fps, and a 
layer 150 to 200 feet thick in which the velocity ranges from 5,600 to 6,100 fps. 
These layers are underlain by a layer with an indicated velocity ranging from 
7,100 to 8,000 fps. The increase in velocity of this layer to the east will be dis- 
cussed later. No further velocity increases above the basement were apparent 
from the travel time curves. Depths to the basement ranged from 600 to 2,700 
feet. 

No velocity increase resulting from compaction with depth is noted in the 
third major layer as might be expected, even though refraction profiles were shot 
where the layer has an apparent thickness of 1,500 feet. The absence of any ve- 
locity increase may indicate that the horizon mapped by the refraction survey is 
in reality a relatively thin layer that is underlain by lower velocity materials. 
If this is so, all the depth computations made from the refraction travel time 
curves will be too great. Computed reflection depths will also be too great as the 
reflection times were converted to depths using the velocities obtained from the 
refraction travel time curves. 

As the traverses AA’ and BB’ were in part across the salt body which repre- 
sents a near surface high-velocity layer, the refraction data were not nearly as 
complete along these lines as along CC’. Good reflections were recorded at sta- 
tions located on the salt body. No definite reflections were recorded at the east 
end of either of the lines. Basement velocities were not apparent on the longest 
refraction profile that could be used in the area. A maximum velocity of about 
9,500 fps was observed for the seismic layer which was increasing in velocity 
toward the east along the southern line. Few test holes have been drilled to the 
depth of this high-velocity layer (250 to 300 feet), but one hole, the log of which 
has been published by Smith and Pratt (1955), entered beds of trona at about 
250 feet after going through a predominantly mud section below the lower salt 
body. 

Where the center traverse crossed the area of the trona reef, the refraction 
travel time curves indicated a vertical velocity discontinuity. This discontinuity 
seems to be a fault along which the 9,500 fps velocity layer is displaced about 40 
feet up to the east. This fault may control the linear area along which the trona- 
bearing waters rise to the surface to form the trona reef. 
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Using both the gravity and the seismic data it is possible to infer a configura- 
tion of the basement over all of the surveyed area. A contour map showing the 
generalized basement surface as inferred from the geophysical data is illustrated 
in Fig. 5. In constructing the contour map the seismic data were used for control 
where they were available and the gravity data were used in other areas. 

In Fig. 6 a section across the basin corresponding approximately to the lo- 
cation of seismic traverse BB’ is shown. The assumed bedrock surface is based 
on both seismic and gravity data, and the observed gravity is plotted with no 
attempt to remove any regional variation that may be present. The theoretical 
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Fic. 6. Comparison of theoretical and observed gravity anomalies 
along line BB’ Searles Lake. 


gravity anomaly calculated by using a two-dimensional graticule and the as- 
sumed bedrock profile is also illustrated. A density contrast of 0.65 between the 
basement rock and the basin fill was assumed without any attempt to consider 
density increases due to compaction with depth. The agreement between the 
observed and calculated anomalies indicates that there is a density contrast of 
0.6 to 0.7 between the basin fill and basement rock. 
INVESTIGATIONS NEAR BARSTOW 

The general geology of the north and west portions of the Barstow quadrangle 
is typical of the western Mojave Desert. The relief is moderate, totaling about 
1,200 feet. The more prominent topographic highs such as the Kramer Hills, 
Shadow Mountains, and Iron Mountain, have a core of pre-Tertiary basement 
rocks. The most extensive outcrop of Tertiary sediments occurs in the vicinity 
of the Kramer Hills where several thousand feet of section is exposed. The valley 
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areas are covered with Quaternary alluvium. The Mojave River, which begins in 
the San Bernardino Mountains and crosses the Barstow quadrangle, is the largest 
single source of recharge water in the Mojave Desert. 

A total of 223 gravity stations were established over about 650 square miles 
in the north and west portions of the Barstow quadrangle. Eighty-one of the 
stations were set at points where the horizontal and vertical control had pre- 
viously been established by U. S. Geological Survey, U. S. Coast and Geodetic 
Survey, and the Army Corps of Engineers. The control for the remaining sta- 
tions was established by plane table and transit surveys of the gravity crew. All 
elevations are accurate to within 4 feet. The gravity measurements were made 
using a Frost and a Worden gravity meter, and the observed gravity values are 
accurate to within o.2 milligal. 

The gravity data were corrected for latitude and elevation effects and re- 
duced to an arbitrary gravity datum. An elevation correction factor of 0.06 
milligals per foot was used. The magnitude of the variation of the terrain effect 
within the quadrangle is not of sufficient size to be important when the major 
anomalies are being considered; therefore, the correction for terrain effect has 
not been applied. 

The simple Bouguer anomaly values show 38 milligals of relief over the area 
of the survey. Gravity highs occur over all the major basement outcrops. A major 
gravity low with two separate closures circles the Kramer Hills to the east and 
south. Another major low trending north is centered near Adelanto. An inspection 
of the gravity anomalies will reveal the general configuration of the basement 
surface; however, variations in the density of the Tertiary and Quaternary fill 
from one local basin to another and perhaps within individual basins introduce 
serious complications in the determination of the depth of fill without some direct 
control. An analysis of the gravity anomalies relative to the few deep drill holes 
in the western Mojave Desert indicates that no single density contrast between 
the Cenozoic and pre-Cenozoic rocks is applicable for making quantitative in- 
terpretation. Errors of several hundred percent may result from the use of in- 
correct density contrasts in any quantitative depth estimate where no direct 
control is available. Because adequate direct control is not generally available for 
making detailed quantitative interpretations over the basin areas, a simple order- 
of-magnitude depth estimate seems to be all that is justified for many of the 
anomalies. 

Although gravity highs relative to adjoining basin areas occur over all major 
basement outcrops, the Bouguer anomaly values show large variations on base- 
ment outcrops in different parts of the region. As these variations cannot be ac- 
counted for by the density contrast between the Cenozoic rocks and basement 
rocks, nor from effects resulting from assumptions made in reducing the data, 
the variations must reflect intrabasement features. No explanation of these 
anomalies will be attempted here; however, it has been found that these anomalies 
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are generally of such broad areal extent that they can be distinguished from 
anomalies associated with the Tertiary and Quaternary fills. 

A contour map of the simple Bouguer anomalies with a 2-milligal contour in- 
terval along with the simplified geology is shown in Fig. 7. The north-trending 
gravity low between the Kramer Hills and Iron Mountain seems to be controlled 
on the east by a fault of considerable vertical displacement. The trend of this 
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inferred fault differs from the northwest-trending, strike-slip fault system which 
is considered to be dominant in the area. Because the vertical displacement along 
these faults is not always in the same direction, they cannot always be traced by 
their gravity expression. One of these faults, the Helendale fault (Bowen, 1954), 
extends tens of miles southeast from the southern end of this low. Another, the 
Lockhart fault, mapped just north of the quadrangle border, extends tens of 
miles northwest from the northern end of the low (Hewitt, 1954). The gravity 
data indicate that the Lockhart fault, or a branch of it, may join the indicated 
fault along the east edge of the gravity low. However, there is also indirect sur- 
face evidence indicating that the Lockhart fault extends southeastward toward 
Hinkley Valley, and the gravity data does not preclude this possibility. The in- 
ferred fault along the east edge of the low may be related to either or both the 
Helendale and Lockhart faults. 

Granite was reported at 2,640 feet in a hole drilled as a test for oil on the 
north end of this low in sec. 11, T. 10 N., R. 5 W. (Bowen, 1954). If this report is 
correct, then the maximum depth to the basement in the area of this low is 
probably just east of the center of the low and in the order of 4,000 to 5,000 feet. 

South of the Kramer Hills is an east-trending gravity low separating the 
Kramer Hills and the Shadow Mountains. Recently a 4,130-foot hole, which did 
not reach the basement, was drilled north of the axis of this low (T. W. Dibblee, 
personal communication). The hole bottomed in granite cobble conglomerate and 
sandstone, and it seems that this may be near the base of the fill. On the other 
hand this well did not penetrate, and possibly did not reach the 1,000-foot thick 
section of Tertiary volcanic flows and lake beds that overly the basement com- 
plex in the Kramer Hills four miles north, and thereby may have been bottomed 
more than 1,000 feet above the basement complex. 

Southeast of the Shadow Mountains, in the vicinity of Adelanto, there is a 
north-trending gravity low. In the only important drill hole in the area, south- 
west of the anomaly, crystalline rock was reported at 1,340 feet (Bowen, 1954). 
The maximum depth of fill in the center of this low appears to be of the order of 
5,000 feet. 

The small gravity low north of the Kramer Hills is associated with a small 
basin area centered to the west of the quadrangle border. The gravity low south 
of Barstow may represent a westward extension of the Daggett basin, which has 
been mapped east of the Barstow quadrangle. 

CONCLUSIONS 

In Searles Lake basin a coordinated gravity and seismic reflection and refrac- 
tion survey indicated the general configuration of the bedrock. Seismic refraction 
data indicated several velocity horizons and may prove useful in studying the 
stratigraphy of the basin fill. In the Barstow quadrangle the gravity data indi- 
cated the location, extent, and order of magnitude of thickness of the major de- 
posits of Tertiary and Quaternary sediments. 
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In the basins of the Basin and Range province north of the Garlock fault 
gravity measurements will indicate the general configuration of the bedrock 
under the basin fill, and will generally indicate the relationship of the basin to the 
adjoining mountains. The success with which seismic methods can be used in the 
Basin and Range province is dependent upon the nature of the fill material, and 
thus varies from one basin to another. In some places both reflection and refrac- 
tion methods will yield information on the thickness, stratigraphy, and structure 
of basin fill. 

In the Mojave Desert the density contrasts between the Tertiary and Quater- 
nary rocks and the pre-Tertiary rocks produce large gravity anomalies which can 
be detected by regional gravity surveys. These anomalies, although superimposed 
upon intrabasement anomalies, can be interpreted in terms of the approximate 
thickness of the Tertiary and Quaternary fill in the region. The information ob- 
tained from the regional gravity data is important in evaluating the possibilities 
of petroleum deposits existing in the region, and also in the search for buried 
saline deposits. Gravity measurements may prove to be of value in studying the 
occurrence and movement of ground water. 
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PATENTS 


O. F. RITZMANNT 


ELECTRICAL PROSPECTING 
U.S. No. 2,730,673. J. J. Jakosky. Iss. 1/10/56. App. 1/20/47. Assign. Union Oil Co. of Calif. 


Magnetomeler. A d-c electromagnetic prospecting system in which current is passed between two 
spaced electrodes and the field observed at a point midway between them by means of horizontal and 
vertical pick-up coils connected to a magnetically-compensated galvanometer. 

U. S. No. 2,731,596. J. R. Wait and A. A. Brant. Iss. 1/17/56. App. 2/21/52. Assign. Newmont 

Mining Corp. 

Method and Apparatus for Geophysical Exploration. An electromagnetic prospecting system in 
which the exciting coil and the pickup coil are each in series with a common calibrated impedance 
network, the pick-up coil also having a null indicator in its circuit. 

U.S. No. 2,731,598. E. Herbert. Iss. 1/17/56. App. 8/17/51. Assign. } to Elliot Marshall, { to Ivan 

Thomas and 3 to Whitney W. Potter. 

A pparatus for Tracing Underground Cables and Detecting Flaws Therein. Apparatus for locating a 
buried conductor in which electric oscillators of different frequencies are connected to two ends of 
the cable and employing two pick-up coils tuned to the two frequencies and selectively connected to 
an indicator. 


U.S. No. 2,735,980. J. R. Wait. Iss. 2/21/56. App. 12/23/53. Assign. Newmont Mining Corp. 
Method of Geophysical Exploration. A transient method of electromagnetic prospecting in which 
a square-wave current is applied to the ground between two spaced electrodes for at least 100 milli- 
seconds and the field-induced emf picked up by an exploring coil is observed on a c-r tube screen after 
a period of 50 microseconds subsequent to application of the current pulse. 
GEOCHEMICAL PROSPECTING 
U.S. No. 2,733,135. W. B. Huckabay. Iss. 1/31/56. App. 4/2/49. Assign. Socony Mobil Oil Co., Inc. 


Method of Analyzing Earth Materials for Hydrocarbons. A method of analyzing soil samples for 
paraffin hydrocarbons by extracting the samples with a solvent and passing the extract through a 
column of surface-active material to separate constituents. 


GRAVIMETRIC PROSPECTING 
U.S. No. 2,732,717. F. N. Rothacker. Iss. 1/31/56. App. 10/29/49. 

Gravity Meter. A conical pendulum type of gravity meter in which the pendulum is rotated at 
constant speed and deviations from a normal path are detected by pick-up coils connected to a c-r 
tube, or a simple pendulum whose plane of oscillation is slowly rotated and changes in amplitude 
observed. 

U.S. No. 2,732,718. B. Cornelison. Iss. 1/31/56. App. 8/24/51. Assign. Texas Instruments Inc. 


Gravity Meter. A Worden type gravimeter which is fully temperature compensated over a wide 
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range of total gravity by means of an arm and frame of different materials in the nulling system so 
that the degree of compensation is adjusted simultaneously with changes in gravity. 


U.S. No. 2,738,676. S. P. Worden and B. Cornelison. Iss. 3/20/56. App. 1/23/50. Assign. Texas In- 
struments Inc. 
Large Range Gravily Sensitive Instrument. A Worden type gravimeter in which the nulling system 


has independently-adjustable strong and weak springs for coarse and fine adjustment or in which con- 
trolled electrostatic or electromagnetic forces are used in place of the weak spring. 


MAGNETIC PROSPECTING 
U.S. No. 2,730,063. R. W. Gebs and B. W. Ridley. Iss. 1/10/56. App. 11/10/52. 


Degaussing System. A degaussing system in which the currents in quadrature coils are controlled 
from a compass-actuated synchro transmitter and a synchro differential generator which is adjusted 
for deviation. 


U.S. No. 2,735,063. E. O. Schonstedt and H. R. Irons. Iss. 2/14/56. App. 8/6/52. Assign. U.S.A. 


Total Field Magnetometer. A self-oriented total-field airborne magnetometer in which the detector 
head is pendulously suspended by a second gimbal to provide a vertical reference for the orienting 
elements, orientation of the measuring element with respect to the vertical and with respect to the 
aircraft heading being recorded by means of self-synchronizing servos. 


U.S. No. 2,736,822. W. C. Dunlap, Jr. Iss. 2/28/56. App. 5/9/52. Assign. General Electric Co. 


Hall Effect Apparatus. A Hall-effect device having a germanium plate with a particular type of 
polarity conductivity and with two pairs of electrodes on opposite edges of the plate, one of the 
input electrodes being of a charge-emitting type whose charge is opposite to that of the conductivity 
type of the germanium plate. 


RADIOACTIVITY PROSPECTING 
U.S. No. 2,733,355. T. M. McKee. Iss. 1/31/56. App. 2/19/52. Assign. Texaco Development Corp. 


Thermal Neutron Measuring. A scintillometer for thermal neutrons having indium foil immersed 
in a transparent liquid luminophor. 


U.S. No. 2,735,946. W. M. Stratford, C. F. Teichmann and G. Herzog. Iss. 2/21/56. App. 8/3/51. 
Assign. The Texas Co. 


Prospecting. A radioactivity prospecting method in which the intensities of alpha, beta, and 
gamma radiation are measured along a traverse and the ratio of their intensities compared with cor- 
responding ratios across a known anomaly. 


U.S. No. 2,735,953. A. L. Tirico. Iss. 2/21/56. App. 3/38/52. Assign. The Texas Co. 


Radiation Detector. A multiple-cathode Geiger-Mueller detector in which the cathode plates are 
made of resistive material and a current passed through them so that auxiliary fields between the 
plates will force charged particles toward the region of a higher potential anode. 


U.S. No. 2,738,431. G. Herzog. Iss. 3/13/56. App. 2/14/52. Assign. The Texas Co. 


Multiple-Plate Radiation Detectors. A multiple-cathode Geiger-Mueller detector having an array 
of parallel spaced cathode plates made of resistive material and an anode wire passing through con- 
centric holes in the plates, a radial current being passed through the plates from the hole to the pe- 
riphery so as to set up a potential field which draws ionized particles to the anode from the space be- 
tween cathode plates. 


0 


856 PATENTS 


U. S. No. 2,739,242. F. C. Armistead. Iss. 3/20/56. App. 5/31/52. Assign. Texaco Development 

Corp. 

Radiation Detectors. A radioactivity detector having a principal scintillometer and an associated 
cosmic-ray detector which independently detects cosmic-rays by the Cerenkov effect light emission, 
a coincidence circuit being arranged to suppress output pulses originating from cosmic rays. 

U.S. No. 2,739,286. R. W. Schede. Iss. 3/20/56. App. 9/1/50. Assign. U.S.A. 

Alpha Survey Meter Circuit. An ionization chamber amplifier using an electrometer tube in an 
inverse feedback d-c amplifier circuit having a voltage compensating resistor to decrease grid-to-fila- 
ment bias in response to a decrease in filament current. 

SEISMIC PROSPECTING 
U.S. No. 2,729,004. R. G. Piety. Iss. 1/3/56. App. 9/15/50. Assign. Phillips Petroleum Co. 

A pparatus for Testing Seismometers. A device for testing a well geophone having a series of balls 
in a container above the geophone, a ball being dropped by a thermally-actuated release when current 
is applied to the device so that the resulting kick may be observed. 


U.S. No. 2,729,300. L. R. C. Paslay, G. M. Pavey, Jr. and F. P. Wipff. Iss. 1/3/56. App. 11/29/49. 

Assign. Marine Instrument Co. 

Water Borne Means for Making Seismic Surveys. An oil-filled detector streamer having spaced 
detectors and arranged to have slight positive buoyancy except at spaced weights and with a de- 
pressor at the front end of the streamer and a weight at the far end so that when cable is slacked off 
from the boat the front end and weights sink to bottom but the intervening parts of the streamer rise 
slightly off bottom. 


U.S. No. 2,730,187. J. E. Hawkins and W. E. Pugh. Iss. 1/10/56. App. 1/11/47, 6/13/52 and 3/3/53. 
Assign. Seismograph Service Corp. 
System and Method of Generating Seismic Waves in the Earth. A seismic shooting method using a 
center shot hole surrounded by a group of deeper shot holes with the center charge detonated later 
than the surrounding charges so that the resultant effect is a downwardly-directed wave. 


U.S. No. 2,732,025. B. D. Lee. Iss. 1/24/56. App. 2/1/50 and 2/26/54. Assign. The Texas Co. 


Method and Apparatus for Analysis of Seismographic Records. A system for photoelectrically 
compositing the tracks of a variable-area seismograph record in which the record is scanned by a 
series of slits which are displaced with respect to each other by cords connected to pantographs which 
adjust the slits for step-out time. 


U.S. No. 2,732,536. H. B. Miller. Iss. 1/24/56. App. 5/5/50. Assign. Clevite Corp. 


Cylindrical Electromechanical Transducer. A hydrophone made of a hollow cylinder of electro- 
mechanically-sensitive material with the outer surface exposed to acoustic pressure and the inner 
surface acoustically shielded, the length of the cylinder being less than half its circumference. 


U.S. No. 2,732,906. W. H. Mayne. Iss. 1/31/56. App. 7/7/50. Assign. Olive S. Petty. 


Seismic Surveying. A method of seismic shooting in which both the detectors and shot point are 
moved so that successive shots will have the same reflection points and adding the traces from the two 
shots. 


U.S. No. 2,733,412. W. A. Alexander and J. T. Baker. Iss. 1/31/56. App. 11/19/51. Assign. Esso 
Rese 


arch and Engineering Co. 


Seismic Amplifier Interference Eliminator. A system for eliminating highline pickup by connecting 
a potentiometer across the geophoi:e line with its adjustable contact grounded and also generating 
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an adjustable go° phase-shifted voltage from a pair of equal resistors across the geophone line and 
applying the latter as a bucking voltage to each geophone line through a transformer with two 


secondaries. 


U.S. No. 2,733,597. H. C. Hardy. Iss. 2/7/56. App. 7/12/52. Assign. Armour Research Foundation 
of the Illinois Institute of Technology. 

Apparatus for Measuring Vibrations. A vibration measuring device having a sound transmitter 
of fixed frequency whose energy is reflected from the vibrating surface and picked up by a receiver 
connected to a descriminator which detects frequency shifts due to the Doppler effect at the vibrating 
surface. 

U.S. No. 2,735,303. R. J. Haase. Iss. 2/21/56. App. 8/3/53. Assign. Shell Development Co. 

Seismic Depth Gauging System. A gage for determining the depth of submersion of an oil-filled 
marine seismic streamer having an electromagnet which attracts an armature against the hydro- 
static pressure, the electromagnet being connected in series with a rheostat and meter and a thyratron 
alarm which trips when the armature snaps against the magnet. 


U.S. No. 2,735,503. R. B. Rice and S. D. Elliott. Iss. 2/21/56. App. 11/28/52. Assign. Phillips 
Petroleum Co. 


Method of Seismic Prospecting. A method of preparing a shot hole in unconsolidated material by 
gradually springing the hole with small charges under water tamping to produce a spherical cavity 
with compacted walls in which an efficient seismic charge is fired. 

U.S. No. 2,735,049. B. Podolsky. Iss. 2/21/56. App. 6/11/54. 

Electrolytic Acceleration Sensing Device. An electrolytic accelerometer having an insulating capil- 
lary tube with globules of mercury separated by dilute electrolyte and having mercury-wettable rings 
on the inner surface of the tube to keep the mercury globules in place, terminals being provided at 
the ends of the tube contacting the end globules of mercury. 


U.S. No. 2,738,488. J. D. MacKnight. Iss. 3/13/56. App. 1/18/50. Assign. The Texas Co. 


Marine Cable for Seismic Surveying of Submerged Areas. A geophone cable for use in water-covered 
areas which has a rectangular metal strip wound on its outer surface in an open spiral so that the cable 
will cut into the bottom and bury itself when dragged over the water bottom. 


U.S. No. 2,739,297. J. V. Atanasoff and E. R. Kolsrud. Iss. 3/20/56. App. 4/29/52. 


2,73 
Low Frequency Vibration Detection Device. A variable-capacity type seismometer having a movable 
condenser plate suspended between two fixed plates so as to modulate a carrier frequency and with 
d-c potentials applied to the plates to provide electrostatic forces which control centering and fre- 
quency, and the output signal differentiated and applied to the plates to set up electrostatic damping 


forces. 
WELL LOGGING 
U.S. No. 2,720,100. M. G. McCool and C. O. Moorhead. Iss. 1/3/56. App. 8/10/53. 


Well Drilling Recorder. A drilling rate recorder having a recording line with beads attached at 
fixed distances and a recorder arm which is moved by the bead to mark a moving tape and which 
rocks to release the bead at the limit of its travel so as to pick up the next bead. 


U.S. No. 2,720,101. B. F. Wiley. Iss. 1/3/56. App. 7/9/51. Assign. Phillips Petroleum Co. 


Flowmeter. A well flowmeter having two parallel flow channels with a motor-driven impeller in one 
channel and a thermal-type flow detector in the other channel, the motor speed being adjusted from 
the surface to effect zero flow in the second flow channel and the motor speed indicated. 
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U.S. No. 2,729,783. R. G. Piety. Iss. 1/3/56. App. 2/6/50. Assign. Phillips Petroleum Co. 

Method and Apparatus for Electrical Well-Logging. An electric logging system in which one elec- 
trode is in the form of a cage with bowed springs which engage the borehole wall and having con- 
siderable play on the main cable so that a different electrode spacing prevails when moving the elec- 
trodes up the hole than when moving downward. 


U.S. No. 2,720,784. R. E. Fearon. Iss. 1/3/56. App. 11/30/50. Assign. Lane-Wells Co. 
Method and Apparatus for Electric Well Logging. A method of electric logging through casing by 
establishing longitudinal current flow in two casing sections in opposite directions and controlling 


the flow in response to the potential developed between intermediate points of the casing, and 
measuring the potential from a mid-point between the current flows to the intermediate points. 


U.S. No. 2,730,672. W. D. Mounce. Iss. 1/10/56. App. 10/18/48. Assign. Esso Research and Engi- 
neering Co. 

Electrical Resistivity Well Logging Systems and Methods. An electric logging system in which the 
potential electrodes are on a short cable extended below the current electrode by a small motor-driven 
reel, so that a section of log may be taken with the current electrode fixed and only the potential elec- 
trodes moving, after which the current electrode is moved to a new location and the potential elec- 
trodes moved over a new section of hole. 


U.S. No. 2,731,826. B. F. Wiley. Iss. 1/24/56. App. 10/30/51. Assign. Phillips Petroleum Co. 
Apparatus for Detecting Leaks in Gas Wells. A gas flow detecting device having a small orifice 

and thermocouples or resistances in the gas stream on the two sides of the orifice whose temperature 

difference is indicated. 

U.S. No. 2,732,518. J. M. Bricaud. Iss. 1/24/56. App. 11/22/52. Assign. Borg-Warner Corp. 


Bore Hole Detecting Circuit and Bore Hole Firing Circuit Utilizing a Common Transmission Chan- 
nel. A combined casing-collar locator and perforating gun operating on a single conductor cable having 


a high impedance magnetic pick-up coil in parallel with a rectifier and the shot, and a switch at the 
surface to connect the device either to a galvanometer or to the firing circuit. 


U.S. No. 2,732,525. A. Blanchard and M. Mennecier. Iss. 1/24/56. App. 6/27/52. Assign. Schlum- 
berger Well Surveying Corp. 
Electrode Carrier Means for Well Logging Apparatus. An electrode carrier having bowed springs 
with a liquid-filled cushion between the spring and the borehole wall and electrodes on the outer face 
of the cushion. 


U.S. No. 2,732,714. A. D. Bennett. Iss. 1/31/56. App. 7/23/52. Assign. Stanolind Oil and Gas Co. 


Measurement of Annulus Volume in Wells. A method of logging open-hole annulus volume in a 
pumping well by allowing the well to reach a condition of static fluid level, then pumping from the 
bottom and simultaneously introducing liquid at the same rate on a weight basis, and observing the 
movement of the fluid interface by means of electrodes on a cable. 


U.S. No. 2,733,353. S. J. Pirson. Iss. 1/31/56. App. 7/3/51. Assign. Stanolind Oil and Gas Co. 


Aulo-Radiography of Wells. A method of determining the character of formation pores by deposit- 
ing a radioactive material in the formation openings exposed to the borehole and subsequently holding 
a photographic film in contact with the borehole wall to obtain a radiograph of the openings. 


U.S. No. 2,733,519. 1. Murata. Iss. 2/7/56. App. 10/27/51 and 10/9/52. 


Deep Well Surveying Instrument. A well surveying apparatus having a magnetized chart carrier 
which is initially clamped and released when the instrument is at the desired depth to permit orienta- 
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tion of the carrier by the earth’s magnetic field whereupon the carrier is again clamped and moved 
upward against a pointed pendulum. 


U.S. No. 2,733,599. L. W. Storm. Iss. 2/7/56. App. 4/13/53. Assign. Warren Automatic Tool Co. 
Traveling Block Position and Velocity Recorder. A drilling-rate recorder having a line connected 


to the traveling block and single-layer wound on a spring-retracted drum and recording rotation of 
the drum. 
U.S. No. 2,733,605. J. R. Buck. Iss. 2/7/56. App. 1/26/51. Assign. Socony Mobil Oil Co., Inc. 

Frequency Sensitive System for Measuring the Rate of Fluid Flow in a Well Bore. A well flowmeter 
having alternately energized heaters upstream and downstream of a temperature-sensitive element 
which changes the inductance in an oscillating circuit to change its frequency which is observed at 
the surface. 

U.S. No. 2,736,197. R. L. Doan. Iss. 2/28/56. App. 1/2/51. Assign. Phillips Petroleum Co. 

A pparatus for Determining Relative Permeability of Formations. A well flowmeter having a long 
perforated shell whose walls have pairs of insulated contacts and a sliding contractor which is moved 
longitudinally inside the shell by fluid flow and which successively interconnects contacts to close an 
indicating circuit at the surface. 


U.S. No. 2,736,967. H.-G. Doll. Iss. 3/6/56. App. 2/9/52. Assign. Schlumberger Well Surveying 
Corp. 
Induction Caliper. A caliper logging device having a coil on a caliper arm and a coil on the body 
of the instrument, changes in the inductive coupling of the coils being detected. 


U.S. No. 2,737,595. S. A. Scherbatskoy. Iss. 3/6/56. App. 11/8/52. 

Cross Feed Indicator for Simultaneous Radioactivity Well Logging System. A circuit for detecting 
cross fed in a multichannel well-logging system arranged to give an indication whenever signal of one 
channel is transmitted through another channel. 


U.S. No. 2,737,639. G. C. Summers and J. O. Ely. Iss. 3/6/56. App. 3/23/53. Assign. Socony Mobil 
Oil Co., Inc. 
Electromechanical Acoustic Pulser. A periodic pulse source for an acoustic logging device having a 
magnetostrictive transducer connected to a gas-discharge tube and condenser which is charged by 
rectified a-c supplied at low voltage from the surface of the ground. 


U.S. No. 2,737,864. R. P. Gutterman and C. G. Small. Iss. 3/13/56. App. 11/9/51. Assign. U.S.A. 


Borehole Camera. A camera which photographs the borehole wall by means of a mirror and in 
which the film advance and flash illumination are automatically controlled by contacting cams on the 
sheave traversed by the supporting cable. 


U.S. No. 2,730,475. T. J. Nowak. Iss. 3/27/56. App. 9/23/52. Assign. Union Oil Co. of Calif. 


Determination of Borehole Injection Profiles. A method of determining the injection profile of a 
well by running a temperature log under steady state injection of fluid, then shutting-in the well 
until flow ceases and running a second temperature log with the well shut in and comparing the two 
logs. 


U.S. No. 2,730,476. E. R. Atkins, Jr. Iss. 3/27/56. App. 5/15/50. Assign. Union Oil Co. of Calif. 


Electric Flowmeter. A flow meter for an injection well having two spaced probes in a flow tube 
with the probes connected to an oscillator so that change in the ambient fluid at the probe changes 
the output of the oscillator which is observed at the surface, and adding to the injection fluid a 
detectable tracer whose arrival time at the probes is observed. 
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U.S. No. 2,740,051. S. A. Scherbatskoy. Iss. 3/27/56. App. 10/21/50. Assign. Perforating Guns Atlas 

Corp. 

Radioactivity Well Logging Apparatus. A combined radioactivity and casing-collar logging ap- 
paratus in which the radioactivity detector produces uniform pulses whose rate indicates the detected 
radioactivity and the collar detector produces a voltage kick whenever the apparatus traverses a collar 
and using a single-conductor cable with filters to separate the signals of the surface. 


U. S. No. 2,740,052. J. H. Castel and S. A. Scherbatskoy. Iss. 3/27/56. App. 10/21/50. Assign. 

Perforating Guns Atlas Corp. 

Radioactivity Well Logging Apparatus. A combined radioactivity logging and casing-collar finding 
apparatus in which the radioactivity detector produces pulses whose rate indicates the detected radio- 
activity and the collar finder produces unidirectional signals whose magnitude indicates proximity 
to a casing collar, a-c power to the well apparatus and the indicating signals to the surface being trans- 


mitted over a single-conductor cable. 


U.S. No. 2,740,053. S. A. Scherbatskoy. Iss. 3/27/56. App. 1/12/51. Assign. Perforating Guns Atlas 

Corp. 

Radiation Well Logging System. A system for simultaneously making a neutron and gamma-ray 
log and a correlated casing-collar log over a single-conductor cable in which the neutron and gamma- 
ray measurements are transmitted to the surface by means of oppositely-directed pulses and the 
collar-locating coil is in an a-c bridge circuit whose balance condition is transmitted to the surface as 
a d-c voltage. 

MISCELLANEOUS 
U.S. No. 2,730,714. E. H. Mahoney. Iss. 1/10/56. App. 4/23/54. Assign. Seismograph Service Corp. 

Radio Location System. A position determining system using three spaced transmitters each 
radiating two carrier waves and a spaced reference receiver which heterodynes the signals in pairs 
and modulates the signal of the center transmitter. 


U.S. No. 2,733,005. J. E. Sherborne and E. R. Atkins, Jr. Iss. 1/31/56. App. 3/16/51. Assign. Union 

Oil Co. of Calif. 

Potentiometric Oil Reservoir Model. A potentiometric model in which an insulating sheet has 
deposited on it conducting layers which are analogous to formations and of conductivity proportional 
to permeability and also has a conducting sheet with layers whose resistivities are proportional to 
porosity and correspondingly-located contactors on the two assemblies are interconnected so that 
the current in the porosity model is determined by the voltage gradient of the permeability model. 


U.S. No. 2,734,682. F. M. Mayes. Iss. 2/14/56. App. 7/18/50 and 8/19/54. Assign. Sun Oil Co. 


Method for Least Squares Adjustment of Survey Nets. An electric analog network for adjusting 
survey nets in which junctions correspond to meshes of the net and conductances between junctions 
are proportional to lengths of the net lines, and currents from external sources are introduced at the 
junctions in proportion to the survey closure of the corresponding net. 


U.S. No. 2,735,652. E. F. Brady. Iss. 2/21/56. App. 3/20/50. Assign. Eastman Oil Well Survey Co. 

Core Taking and Orienting Method. A system for marking the orientation of a core in which the 
core is cut and before breaking it off a wire-line drift indicator is run which is oriented by magnets on 
the drill pipe and marks a landing plate on the core barrel, after which the drill pipe and core barrel 
are removed and the orientation of the core with respect to the magnets marked on the core. 


U.S. No. 2,735,999. W. M. Ross. Iss. 2/21/56. App. 8/3/48, 2/16/52 and 6/10/52. Assign. Minne- 
apolis-Honeywell Regulator Co. 
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Echo System for Determining Nature of Sea Bottom. An echo-sounding system in which a supersonic 
pulse is transmitted and the received reflected signal is mixed with a steady oscillator signal to produce 
an audible beat signal having a discernible character dependent on the character of the reflecting 
surface. 


U.S. No. 2,736,099. R. G. Fischer. Iss. 2/28/56. App. 8/18/52. Assign. Socony Mobil Oil Co., Inc. 


Core Sample Micrometer. A device for quickly measuring dimensions of a core sample having a 
vertical rod whose tip is moved downward against the sample resting on a base plate, the rod being 
moved by a gear and rack which also drives a dial from which the dimension is read. 


U.S. No. 2,737,646. G. Mufily. Iss. 3/6/56. App. 6/12/52. Assign. Gulf Research & Development Co. 


Transient Viewer and Recorder. Apparatus for viewing a slow transient on a c-r oscilloscope by 
recording the transient on a rotating magnetic record medium and playing the record back at a 
higher repetitive rate so that a large part of the transient may be continuously observed. 


U.S. No. 2,737,804. G. Herzog and K. C. Ten Brink. Iss. 3/13/56. App. 6/13/51. Assign. The Texas 


Co. 


Relative Permeability Measurements. A method of determining relative permeability of core sam- 
ples in which the effect of the accompanying immobile phase is produced by injecting the desired 
amount of a molten material which solidifies in the sample, petroleum wax being injected into a dry 
core to simulate a wetting phase or low-melting-point alloy being injected to simulate a non-wetting 
phase. 

U. S. No. 2,739,249. V. O’Gorman and R. R. Perron. Iss. 3/20/56. App. 9/20/54. Assign. United 

Shoe Machinery Corp. 


Velocity Pickup Devices. A velocity pickup for a moving ferromagnetic machine part in which an 


elongated magnetic field is set up transverse to the motion and elongated in the direction of motion 
and a conducting sheet connected in a low impedance circuit placed between the moving part and one 
of the pole pieces. 


U.S. No. 2,739,296. S. W. Woodward. Iss. 3/20/56. App. 11/27/48. Assign. Marine Marker Corp. 


Wfarine Marker. An under-water location marker having a spring motor which controls operation 
of an electric motor-driven striker and an electric motor-driven rewind mechanism connected to the 
spring motor by a second spring. 
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Arctic Research, Diana Rowley, editor, The Arctic Institute of North America, Montreal, Canada’ 

1955, +261 pp. I map. 

“The Arctic Institute of North America is concerned with the prosecution of research in the arctic 
and subarctic regions of the North American continent and in Greenland.” This is a direct quotation 
from the introduction to this volume by Dr. R. C. Wallace, Executive Director of the Institute from 
November, 1951, to January, 1955, the time of his death. Dr. Wallace was primarily responsible for 
the publication of this volume which is the joint effort of many writers associated with the various 
programs of research in the areas indicated and which have been underway for several years. The 
book describes the problems and results obtained in three principal fields, (1) Physical Sciences, (2) 
Biological Sciences, and (3) Social Sciences. Each Section consists of a number of short articles on 
special topics. The geophysicist is immediately concerned with that portion of the book on physical 
sciences. This section contains the following articles: 

Meteorological activities in the Canadian Arctic. R. W. Rae 

Research in geology and geomorphology in the North American Arctic and Subarctic. John C. Reed 

and Hugh S. Bostock 

Glaciology. P. D. Baird and R. P. Sharp 

Permafrost research. R. F. Legget 

Geophysical Research in Alaska. L. O. Colbert 

Geophysical exploration in Alaska. H. R. Joesting 

Problems of geophysics in the Canadian Arctic. C. S. Beals, J. H. Hodgson, M. J. S. Innes, and 

R. G. Madill 

The ionosphere over northern Canada. Frank T. Davies 

Geodetic investigations in the Canadian Arctic. J. E. R. Ross 

Oceanographic problems of the Arctic Ocean. C. O’D. Iselin 

Tidal data in the North American Arctic. L. O. Colbert 

Sea ice studies. Terence Armstrong 


These chapters outline the work which has been done in the fields of geomagnetism, geological 
and radioactivity surveys, seismology, and geothermal studies. Gravity determinations and seismic 
surveys have been used to determine at various places the thickness of the ice cap and in the study 
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of permafrost. Pendulum observations were made in the arctic as early as 1819-20, and many pen- 
dulum and gravimeter stations have since been established. Geological research has been underway 
for several years and many maps have been published. Meteorological activities in the region are 
described, as also are the programs of permafrost research, ionosphere research, sea ice studies and 
rather extensive geodetic investigations which involve methods of astronomical determinations, tri- 
angulation, and shoran programs. 

The geophysicist will find the portion of the book on biological and social sciences both informa- 
tive and interesting to read. Certain phases of these subjects are of great importance to anyone who 
has any connection with the practice of geophysics in the subarctic regions of Canada, and for such 
persons the entire book is recommended reading. The book contains good bibliographies, and a com- 
plete list of research projects sponsored by the Arctic Institute. 

J. E. OWEN 
Geophysical Research Corporation 
Tulsa, Oklahoma 


The Crust of the Earth (A Symposium), Special Paper 62, Arie Poldervaart, editor, The Geological 
Society of America, New York, N. Y., 1955+ 762 pp., $6.50. 


To mark the Bicentennial of Columbia University in 1954, its Department of Geology sponsored 
a symposium on The Crust of the Earth. The resulting papers have been gathered together and pub- 
lished by the Geological Society of America as its Special Paper 62. Physically it is , of course, not a 
“paper,”’ but a well bound book beautifully printed by the Waverly Press. 

Because the Symposium was planned to be a survey of the many different facets of knowledge 
concerning the earth’s crust, and because the authors of the papers are authorities in their fields, this 
volume is one which will be a very important reference work for many years. 

The Crust of the Earth is not much concerned with the superficial skin of sedimentary layers which 
forms the happy hunting ground of the economic geophysicist. The term is used to designate the outer 
layers of the earth above the Mohorovicic discontinuity of seismic fame, hence including roughly the 
materials to a depth of 35 to 4o kilometers, although some contributors prefer to define the crust of 
the earth as a somewhat thicker layer, some roo kilometers in thickness. 

Geologists and geophysicists who are interested only in the purely practical problems of prospect- 
ing will find but few pertinent papers in this volume, but all who aspire to be earth scientists in even a 
small way, should certainly add it to their library. It isa really great collection of very excellent papers. 

It is impossible for any reviewer to do justice to a book such as this. Since it contains 44 papers 
by many more authors, even a brief comment on each can hardly be included in a short review. 
About all this reviewer can do is to indicate the vast scope of the work and mention particularly some 
of the material of most interest to him. 

The book is organized into four parts covering the following very general topics: 


Part I. Nature of the Earth’s Crust 

Part II. Recent Deformation and Sedimentation 
Part III. Structural Synthesis and Petrogenesis 

Part IV. Historical Development of the Earth’s Crust 


In the first section, two papers deal with the contrast between Continents and ocean basins. 
Maurice Ewing and Frank Press discuss the geophysical differences while James Gilluly discusses the 
geological features. Seismic refraction surveys made in recent years have been the most powerful means 
of studying the ocean basins. They have established without doubt that the Mohorovicic discontinuity 
lies only 10-11 Km. below the surface of the sea as against some 35-40 Km. beneath continental 
surface. The silicic crust beneath ocean basins is only about one-fifth as thick as that below continents. 
In general, seismic and gravity data agree that there is isostatic equilibrium between continents and 
ocean basins. Many problems still remain, these being primarily concerned with the conditions in 
the borderland between continents and ocean basins. 
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Beno Gutenburg summarizes available information concerning the velocities of elastic waves in 
the earth, obtained from earthquake data and some man-made explosions. Using these data he pro- 
poses several possible structures for the earth’s crust. Howard E. Tatel and Merle A. Tuve describe 
their widespread seismic explorations of the United States using large explosions. They find the first 
major discontinuity to be the Mohorovici; that the depth to this major increase in velocity is not con- 
stant over the continent, and that it has no apparent relationship to the altitude of the surface. In 
many areas they were able to obtain reflections from the “Moho” at a fairly critical shot-receiver dis- 
tance of some 100 Km. Their work has led them to believe that many so-called phases on seismograms 
result from the conversion of body waves to Raleigh waves, and vice versa, at the irregular surface of 
the earth. If careful analysis of many records is not made these phases may be interpreted to indicate a 
layering of the crust which does not exist. As a result of their work, they propose a somewhat simp!er 
model of the crust than those proposed by Gutenberg, one in which the velocity increases only 
slightly with depth for two-thirds of the crust thickness, then increases quite rapidly to the 8 Km. 
velocity below the “Moho.” 

Francis Birch discusses the physics of the earth’s crust, telling what little is known about the 
physical properties of rocks as determined by field and laboratory measurements. He points out that 
it is now becoming possible to reproduce the ambient temperature and the stress at fairly great depths 
in the modern high-pressure laboratory so that much more realistic data may soon be obtained. 

Arie Poldervaart reviews chemical data pertaining to materials of the crust and outlines the pos- 
sible chemical evolution of the crust from earliest geologic times. Other articles in Part I deal with the 
use of earthquake surface waves as a means of studying crustal structure. and with the seismic evi- 
dence for tectonic activity and the nature of faulting. A chapter by T. L. Worzel and G. Lynn Shurbet 
uses seismic data to construct a section for continents and for ocean basins and these, together with 
gravity data, to deduce the structure of the Gulf Coast Geosyncline, The Bahama Platform, and the 
Puerto Rico Trench. 

Part II contains several papers of more direct interest to petroleum geologists. Among these is 
a paper by Paul Weaver on the Gulf of Mexico, one by H. N. Fisk and E. MacFarlan on the late 
Quaternary deltaic deposits of the Mississippi River, and a paper by N. D. Newell on the Bahamian 
platforms. Other papers deal with the pelagic sediments of the Atlantic and of the Pacific, recent 
deformations of the earth’s crust, and the structure of the Tongo and Puerto Rico Trenches. 

Part III of the volume is concerned primarily with the problems of crustal deformation on the 
grand scale, and with the problems of petrogenesis. A paper by F. A. Vening Meinesz gives a semi- 
quantitative analysis of the hypothesis that great geosynclines result from the plastic buckling of 
the earth’s crust. He feels that the hypothesis which attributes large scale deformation of the earth’s 
crust to a wrinkling process by which the crust adapts itself to a shrinking core is inadequate to explain 
existing conditions; favoring instead the alternative hypothesis which looks to subcrustal flow as the 
cause of crustal movement. He derives formulae for plastic buckling and shows that development 
of geosynclines requires 20 to 40 million years of relatively quiet evolution until the continuing com- 
pressive stress produces a catastrophic stage of great folding and overthrusting of less competent 
surface layers. The analysis explains quite well the belts of strong negative gravity anomalies, e.g., 
in the Indonesian Archipelago. 

Sidney Paige of Columbia University discusses the same subject from a different point of view. 
He agrees with the hypothesis that the relatively light sialic continents have grown slowly throughout 
geologic time from small centers or lineaments to their present size. He is concerned with the source 
of energy required to produce this continuing flow and suggests that the fundamental force driving 
the evolution of the crust lies outside the planet, in the radiation of the sun. It is the radiant energy 
of the sun driving the hydrologic cycle which, coupled with the gravitational field of the earth, has 
built up through billions of years the light sialic continent segments. This process requires a continuing 
isostatic adjustment permitted by a plastic zone at reasonable depth. 

Walter H. Bucher discusses deformation in orogenic belts. He describes the geological features 
of the great orogenic belts represented by the western Alps, and the southern Appalachians and their 
significance. He concludes his discussion by saying: ‘The deformation within the zones destined to 
become orogenic belts begins with the crust bending down over constrictions in an actively shrinking 
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subcrustal shell beneath which lie the zones of deep-focus earthquakes. Sedimentation in the deepening 
geosyncline may accentuate the process. Sooner or later the state of all-sided compression will cause 
the crust to fail by one side shearing across in low-angle thrusts. Simultaneously, superheated water 
and volatiles escaping from the subcrust produce regional metamorphism and plutonic rock bodies. 
Compression of the zone thus weakened drives out yielding blocks of geosynclinal zone as crustal 
folds which lengthening upward, become recumbent folds or thrust blocks. Piling up, generally but 
not necessarily, on one side and advancing under the combined action of the pressure behind them 
and gravity acting on them, these advancing recumbent folds or thrust masses cause the sedimentary 
cover to “peel off” far beyond the borders of the active zones, producing the phenomena of marginal 
deformation.” 

Three other papers in Part III deal with the role of water in petrogenesis; considering its impor- 
tance in rock melts, in metamorphism and in hydrothermal alteration and weathering. A paper by 
Hans Romberg considers the kinetics of rock formation from the thermodynamic point of view. 
Another paper, by H. H. Hess, discusses the relationship of serpentine belts to orogeny and epeirogeny, 
while H. H. Read similarly considers granite series in mobile belts. Earl Ingerson discusses geologic 
thermometry, examining critically methods of measuring and estimating temperatures of geologic 
processes. 

Two of the papers in Part III are somewhat different than the others, in that they deal primarily 
with geological observational data. One of these, by D. F. Hewett, describes the structural features 
of the Mojave Desert region as disclosed by very recent surveys. John Imbrie has a paper on biofacies 
analysis (the study of the total recognizable organic content of stratigraphic units), which should 
be of interest to paleontologists. 

Part IV is concerned with the history of the earth’s crust. It opens with four papers dealing with 
the geological time scale. R. C. Moore of the University of Kansas discusses the characterization of 
major and minor divisions of the geologic time scale in terms of their contained invertebrate fauna, 
while J. T. Gregory of Yale University outlines the very incomplete record of the vertebrates. Erling 
Dorf of Princeton University has a paper dealing with fossil plants and their relationship to the 
record of fossil invertebrates and vertebrates. 

A paper by J. Lawrence Kulp of the Lamont Geological Observatory gives a critical review of 
all the methods which have been used for isotopic dating. The errors in older work have now been 
recognized and recent determinations have pretty well established that the age of the earth is not less 
than 4.5 billion years, and probably not much greater. Determinations of the age of the various geo- 
logic periods are less firmly established, and very little is yet known about the age of sedimentary 
strata. Research in this field is being actively pursued. Within the last few years the very promising 
potassium-argon method has been developed. Although there are difficulties to be overcome, it is 
potentially the most important method of determining geologic age, since potassium is a very common 
element in important rock types. The isotope K*, which occurs in natural potassium to the extent 
of 0.0119 percent, decays to Ca* and also to A®, Study of this latter type decay is most promising for 
dating purposes since there is essentially no A‘ in an igneous material at the time of its formation. 

Other papers in this section deal with the development of the hydrosphere and atmosphere, 
deposition and subsidence, and the timing of orogeny and vulcanism. 

Upon completing the perusal of the volume under review, the reader can not help wondering at 
the audacity of Man in even attempting to unravel the history of an earth which extends through bil- 
lions of years in time, and his attempts to probe into its depths with tools hardly more adequate for his 
purpose than those used by prehistoric man seeking to change his environment. As long as human life 
goes on, this earth of ours will be a source of problems sufficient to challenge the imagination of the 
most brilliant theorists and the ingenuity of the most capable experimenters. Conflicting observational 
data and controversial hypotheses will always confront the earth scientist. One wonders what a vol- 
ume similar to this one will contain when published by Columbia University during its Tri-Centennial 
in 2054! Certainly, the authors of that hypothetical volume will pay tribute to the labors of men 
whose work has here been so inadequately discussed. 

W. T. Born 
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Economic Geology—Fiftieth Anniversary Volume, The Economic Geology Publishing Company, 
Urbana, Illinois, 1955, in two parts, 1130 pp. $8.00. 


This volume commemorates the fiftieth anniversary of the founding of the publication Economic 
Geology, which was for many years the only publication in the English language concerned with the 
application of geological principles to mineral deposits of economic value. Until the advent of the 
Bidletin of the A.A.P.G., it was the chief medium of publication for papers dealing with the geology 
of petroleum and some of the most important fundamental papers in this field are to be found in its 
pages. In 1923 it published one of the very early papers dealing with geophysical prospecting, a paper 
by Stephen Rybar entitled The Eétvds Torsion Balance and its A pplication to the Finding of Mineral 
Deposits. In recent years, comparatively few papers concerned with petroleum geology have been 
published so that the journal is now primarily of interest to geologists engaged in the search for min 
erals other than petroleum. To all readers of GEopuysics working in that field, this Anniversary 
Volume is highly recommended. 

Each of the 25 different papers contained in the volume is a review article prepared by an invited 
author, an authority in his field. There is a growing awareness of the need of review articles in all 
technical fields. It is a difficult task for any professional man to keep abreast of current literature in 
his field, and few ever find time to read pertinent citations in the literature of the past. The avail 
ability of review articles ably summarizing the work of the past and the state of present knowledge 
in any given field is of extremely great value. The Editors of Economic Geology are to be congratulated 
upon adapting a most fitting method of celebrating the anniversary of their journal. 

The wide scope of the material included can best be illustrated by the following Table of Contents. 


Part I 


Economic Geology, Alan M. Bateman 

Metallogenetic Provinces and Epochs, ¥. S. Turneaure 

Thermal Springs and Epithermal Ore Deposits, Donald E. White 

The Classification of Ore Deposits, James A. Noble 

Structure of Hydrothermal Ore Deposits, H. E. McKinstry 

The Zonal Theory of Ore Deposits, Charles F. Park, Jr. 

Tem peratures in and Near Intrusions, T. S. Lovering 

Synthetic Minerals, W. A. Wey] 

Hydrothermal Alteration as a Guide to Ore, George M. Schwartz 

Oxidation of Copper Sulfides and Secondary Sulfide Enrichment, Charles A. Anderson 

Methods and Problems of Geologic Thermometry, Ear] Ingerson 

Sedimentary Deposits of Rare Metals, Konrad B. Krauskopf 

Origin of Uranium Deposits, V. E. McKelvey, D. L. Everhart, and R. M. Garrels. 
Part II 


Engineering Geology—A Fifty Year Review, Robert F. Legget 

Influence of Geological Factors on the Engineering Properties of Sediments, Karl Terzaghi 

Recent Developments in Clay Mineralogy and Technology, Ralph E. Grim 

Properties of Calcium and Magnesium Carbonates and Their Bearing on Some Uses of Carbonate 
Rocks, D. L. Graf and J. E. Lamar 

The Quantitative Approach to Ground-Water Investigations, John G. Ferris and A. Nelson Sayre 

Time of Petroleum Accumulation, A. 1, Levorsen 

Coal Petrology, C. E. Marshall 

The Use of Gamma Ray Measurements in Prospecting, William L. Russell 

Economic A pplications of Paleoecology, Samuel P. Ellison 

Geophysics Applied to Prospecting for Ores, Louis B. Slichter 

Minor Elements in Some Sulfide Minerals. Michael Fleischer 

The Study of Pegmatite Deposits, Richard H. Jahns 
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As previously indicated, only a few of the articles are of direct interest to petroleum geophysicists. 
These are the chapters by Levorsen and by Russell. Levorsen, as to be expected of an oil-finder, relates 
his discussion of time of petroleum accumulation to the problem of exploration. He states, “Explora- 
tion is aided by first finding the combination of time of trap development and time of optimum 
physical conditions that form oil and gas pools of a region, and then attempting to locate unexplored 
traps with a like history.” He discusses the time of accumulation of petroleum with reference to the 
time of formation of traps, the time of formation of reservoir rocks, the time of wide spread orogeny, 
and with respect to the hydrostatic pressure gradient in the reservoir rock; and gives some criteria 
which are helpful in determining the time of accumulation. 

Russell discusses radioactivity well logging as well as radioactivity surveys made for the purpose 
of locating ore deposits. He mentions the attempts being made to locate oil by mapping surface radio- 
activity surveys but cautions that his mention of the subject should not be interpreted to mean that 
these efforts have been successful. He points out that an apparent relationship between oil field and 
surface radioactivity can be expected to occur by chance in a few cases, so that a statistical analysis 
of a very large number of surveys must be made to evaluate the method. The number of surveys 
published to date is much too small to permit of such study and hence no definite conclusions can 
be drawn. 

The first part of the paper by Slichter on Geophysics A pplied to Prospecting for Ores emphasizes, 
the economic aspects of finding ore bodies. He points out that, because of past efforts of prospectors, 
there soon will be small chance of finding any ore bodies visible in outcrops. Even though geophysical 
methods of exploring for ore bodies can probe only a few hundred feet of overburden, there must be 
a very large number of concealed bodies which they can find. The problem is to find them at a reason- 
able cost. Dr. Slichter advocates a three-fold approach to this economic problem. First, is a revision 
of mining laws to conform to changing prospecting conditions, and second, an application of quanti- 
tative analysis and mathematical statistical techniques to the planning of exploration programs. 
Finally, perhaps with tongue in cheek, he mentions the possibility of diverting into mining ventures 
the venture capital now being absorbed by pari mutuel betting and slot machines. He adds that 
“Canada seems to have shown how this rich source of funds may be put to useful work in prospecting.” 

As an example of the application of probability theory in mining prospecting he considers the 
planning of a core drilling program, the object being the maximization of the value of ore discovered 
in relationship to the total cost of prospecting. His treatment of this relatively simple problem re- 
quires 30 pages! Most prospecting problems are far more complicated. While admitting that the type, 
of analysis he proposes is difficult, and sometimes impossible, Dr. Slichter does argue strongly for a 
point of view which will encourage the substitution of quantitative analysis of problems whose solution 
is now sought only by educated guess. 

The second part of Dr. Slichter’s paper deals with the application of magnetic, electro-magnetic, 
gravitational, self potential, and resistivity methods in prospecting. The seismic method is mentioned 
only briefly because it has not yet been found to be of much value. In his discussion of these methods, 
the author gives numerous examples of the application of each method. The relatively new technique 
of airborne electromagnetic surveys is discussed with special reference to the successful work already 
done by the International Nickel Company. This portion of the paper should be of interest and con- 
siderable value to all geophysicists in the mining industry. 

The review of engineering geology by R. F. Leggett should be of interest to geophysicists in- 
terested in the application of geophysical methods to civil engineering problems, although the author 
hardly mentions the use of geophysical methods in studying dam sites, searching for gravel deposits, 
and in road building. One gets the impression from this review article that the application of geological 
knowledge and of geophysical techniques to civil engineering work has been a slow and difficult process. 

The few chapters specifically discussed in this review are only those of direct interest to geophysi- 
cists. Obviously they form only a minor portion of the text. The chief value of the book lies in the 
summaries of existing knowledge concerning the facts and theories pertaining to occurrence and genesis 
of ores of all types. This body of knowledge is basic to the development of all exploration techniques. 

W. T. Born 
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Geologic Cross Sections, 1931-1955, John C. Maher, Bulletin Am. Assoc. Petroleum Geologists, Vol. 
30, No. 7, pp. 1405-1416, July, 1955, Tulsa, Oklahoma, $2.00 single copy. 


A committee of the American Association of Petroleum Geologists under the chairmanship of 
Grover E. Murray, and later, John C. Maher, has compiled a list of 115 geological cross sections pre- 
pared by some 23 geological societies, most of them local societies affiliated with the A.A.P.G. The 
compilation here published gives the geographical location of the cross section, the geological section 
included, the type of logs used (electrical, lithological, or both), and the datum plane of the section. 
Also shown is the year of compilation of each cross section, its size and price, together with the, 
address of the Society from which it may be purchased. 

In the present compilation the sections are indexed only by a code number indicating the source. 
However, it is quite easy to look up cross sections available in a given geographical area since they 
usually were compiled by a Society located in the geographical region covered. It is expected that an 
index map will be published later. 

It is believed that this compilation will be of interest to geophysicists as well as to geologists. 
All too often valuable information concerning any given area is not employed because of the difficulty 
of locating it. The compilation of indices of available information is not an easy task but is certainly 
a worthwhile project for a technical society. The constant daily use being made of the /ndex of Velocity 
Logs, sponsored by the Society of Exploration Geophysicists, well illustrates this point. 

W. T. Born 


Instrumentation and Methods for Radioactivity Detection in the Mineral Industry, J. O. Milmoe and 
S. P. Kanizay, Colorado School of Mines Quarterly, Volume 51, No. 1, Department of Publica- 
tions, Colorado School of Mines, Golden, Colorado, $1.00 postpaid. 


In view of the widespread interest in prospecting for radioactive ores, this issue of the Colorado 
School of Mines Quarterly should have a tremendous sale. It undoubtedly contains more information 
on the subject per dollar of cost than any other available publication. 

The material presented is divided into two sections, and an appendix. The first section is written 
by James O. Milmoe, instrumentation chemist at the Colorado School of Mines Research Foundation. 
It deals with the theory, development, and application of the various instruments used to detect 
radioactivity. The second section, written by Stephen P. Kanizay, instructor in Geology at the 
School of Mines, deals with the actual field use of the various instruments and discusses the practical 
problems involved in applying current exploration techniques. The appendix gives much information 
of value to prospectors. It includes a list of establishments where ore samples may be assayed, 
schedules of prices for uranium ore, and information concerning the availability of airborne radio- 
active survey maps. 

The authors of the volume have tried to present the material in a form which would be useful to 
geologists, to students, and to prospectors. This was a difficult task and, on the whole, it has been 
well done. While each of the three groups of readers might wish for different treatment of subjects of 
primary interest to them, they nevertheless will find much of interest and value. Considering the 
low cost of the book, it may well be purchased by anyone having more than a casual interest in the 
subject. 


W. T. Born 
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American Journal of Science, v. 254, nos. 2, 3, & 4 (Feb., Mar., & April, 1956) 
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Bulletin of the Earthquake Research Institute, v. 33, part 3 (Sept., 1955) 
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Bulletin of the Seismological Society of America, v. 46, n. t (Jan., 1956) . 
Butsuri-Tanko, v. 8, n. 3 (1955) [_ 
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Geological Abstracts, v. 4, n. 1 (March, 1956) 

Geophysical Abstracts, v. 163, Oct.-Dec., 1955 

Geophysical Prospecting, v. 4, n. 1 (March, 1956) 

Journal Academy Science USSR, Series Geophysical, 1956, n. 1 

Journal of Earth Sciences Nagoya University, v. 3, n. 2 (Nov., 1955) 

Journal of Geophysical Research, v. 61, n. 1 (March, 1956) 

Journal of Petroleum Technology, v. 8, nos. 2 & 3 (Feb. & Mar., 1956) 

Journal of the University of Moscow, n. 12 (1955) 

Meteoros, v. 5, n. 3 (July-September, 1955) 

Mining Engineering, v. 8, nos. 2 & 3 (Feb. & Mar., 1956) 

Petroleum Economy (USSR), 1955, n. 12; 1956, nos. 1 & 2 

Proceedings of the Cambridge Philosophical Society, v. 52, n.  (Jan., 1956) 
Quarterly Journal of the Geological Society of London, v. 111, n. 443 (Dec. 14, 1955) 
The Review of Scientific Instruments, v. 27, nos. 1, 2 & 3 (Jan., Feb. & Mar., 1956) 
Philosophical Transactions of the Royal Society of London, v. 248, n. 947 (Nov., 1955) 
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Scientific Monthly, v. 82, nos. 3 & 4 (March & April, 1956) 

Soviet Physics JETP, v. 1, n. 3 (Nov., 1955); v. 2, n. 1 (Jan., 1956) 

Transactions American Geophysical Union, v. 37, n. 1 (Feb., 1956) 
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MEMORIAL 


LAWRENCE F. ATHY 


Lawrence F. Athy died unexpectedly of a heart attack December 17, 1955, 
in Giddings, Texas. Two previous attacks had forced an early but active retire- 
ment on September 1, 1955. At the time of his retirement he had served Conti- 
nental Oil Company faithfully for more than 30 years. He divided his time be- 
tween his home, his family and friends, and his ranch near Giddings. On his 
ranch was a lake where he could pursue his main hobby—fishing. 

Lawrence F. Athy was born June 1, 1898, on a farm near Bryon, Ohio. He 
learned the value of hard work while helping his father on the farm. He attended 
high school at Stryker, Ohio. From 1915 to 1919 he attended Denison University 
and received the Bachelor of Science degree. His major subject was physics, but 
he also became interested in geology. 

After teaching a short time in the high school science department at Kings 
Mills, Ohio, he enrolled in the Graduate School of Geology at the University of 
Chicago, where he became an outstanding student in petrography. Just before 
entering the University of Chicago, he married his sweetheart of Ohio farm days, 
Helen Thiel. 


872 


~ 


# 
is 

—- 

= 
7 : 


MEMORIALS 873 


While attending the graduate school, he was employed by the Illinois Geo- 
logical Survey. During the school term he was employed by the university to 
teach as a Fellow. 

Lawrence received his Ph.D. degree in 1925 and was employed in the field of 
Petroleum Geology in the Geological Research Department of the Marland Oil 
Company at Ponca City, Oklahoma. His early work in this capacity allowed him 
to make several contributions to the literature on the study and interpretation 
of compaction of sediments. 

The Marland-Continental merger of 1930 and the depression years were 
distressing. Lawrence, now known as ‘‘Doc,”’ became interested in geophysics. 
He was in charge of magnetometer and torsion balance parties as well as refrac- 
tion seismograph. He was made Acting Superintendent of the Geophysical 
Division in 1930 and became Superintendent of the Division in 1931. He was 
made Chief Geophysicist of Continental Oil Company in August of 1932. 

Realizing the potential value of the reflection seismograph as a tool for the oil 
finder, he moved aggressively to build a modern Geophysical Department. Under 
his leadership and management, the department grew from a modest beginning 
to a well-rounded organization of more than 300 employees. 

In 1949 Continental Oil Company executive headquarters was moved to 
Houston, Texas. ‘“‘Doc”’ transferred to Houston at this time, and the following 
year was promoted to Exploration Manager for the company. He continued in 
this position until retirement in September of 1955. “‘Doc’s” stimulating personal- 
ity, honesty, practical-mindedness, sense of fair play, and versatile technical 
ability gained the respect, admiration, and confidence of all of his associates. The 
three sections within the Exploration Department were integrated and cooper- 
ated in a united effort to find oil. His active interest in the AAPG, SEG, and GSA 
provided current thinking on many phases of exploration. 

Dr. Athy is survived by his wife, Helen, and his son, Larry, engaged in the 
engineering profession, both of Houston, Texas. 


L. E. WHITEHEAD 


March 9, 1956 


MEMORIAL 


FRANCIS LUTHER BISHOP 


Francis Luther Bishop, 53, Consulting Geophysicist and Independent Oil 
Operator, died after a heart attack on October 26, 1955, at his home, 1642 F. 
36th Street, Tulsa, Oklahoma. He was laid to rest the afternoon of October 29 
in his family burial plot in the Cleburne Cemetery, Cleburne, Texas. To his 
many friends and associates he was always called “Bish.” 

He was born in 1904 in Cleburne, Texas, where his father was president of 
the Cleburne State Bank. Bish spent all of his early life at Cleburne where he 
gained his primary education, graduating from high school there. He was in the 
insurance business with the firm Bishop and Lain from 1925 to 1929, at which 
time he left Cleburne and traveled for two years for Frank Pearson Insurance 
Company of Chicago. In May of 1931 he became associated with Geophysical 
Service Inc. of Dallas. During this early period with the Company he served as 
permit man and surveyor. Some of his early survey work was actually a careful 
job of surface geology and was of considerable interest at the time. Promotion 
followed and in a short time he became a party chief in charge of one of the con- 
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tract seismograph parties for Geophysical Service Inc. In 1939 he opened the 
Tulsa, Oklahoma, office of Geophysical Service Inc. as manager. 

In the latter part of November, 1941, resigning from his position with Geo- 
physical Service Inc., Bish entered into a new phase of his life. At this time he 
opened an office in Tulsa, Oklahoma as a consulting geophysicist. This office and 
occupation he maintained until his death. However, added to this activity was 
that of independent oil operator, which resulted in the discovery of many oil 
fields wherein he retained an interest. 

Although always maintaining allegiance to the State of his birth, he neverthe- 
less became a member of many of the local organizations, including the Tulsa 
Club, Tulsa Chamber of Commerce, and Men’s Dinner Club. Other organizations 
to which he belonged where American Association of Petroleum Geologists and 
Society of Exploration Geophysicists. 

In May 1925 he married Vera Davis and to them a daughter, Nancy Sue was 
born. She is now Mrs. Richard W. John, living in Oklahoma City, and has three 
children, Richard Bishop, Judith Irene, and Nancy Sue. 

Bish was a person of great cheerfulness and life was always interesting to 
him; therefore, anyone associated with him found his own life brightened by the 
association. 

F. L. Bishop will long be missed by his many friends and the Society has lost 
an outstanding member. 

W. R. RANSONE 


March 13, 1956 
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MEMORIAL 


LUDGER MINTROP 


On July 18, 1955, the friends and neighbors of Dr. Mintrop joined with him 
in celebrating his 75th birthday. They did so with enthusiasm and considerable 
fanfare. They were joined by representatives of various professional and civic 
organizations in which the celebrant had been, and continued to be, an active 
participant. Some of these representatives came from considerable distances to 
pay their tribute to a grand old man. The people of Werden, Germany, were 
honoring their most outstanding citizen. 

On January 1, 1956, Ludger Mintrop died, mourned by his family, an un- 
usually wide circle of friends and by a globe circling profession to which he had 
contributed much and by which he was greatly esteemed. 

Dr. Mintrop’s education was obtained at the Bergakademie in Berlin, at the 
Technische Hochschule in Aachen, and at the University of Goettingen. At the 
University he became a student of Wiechert under whose auspices Mintrop per- 
formed some experiments on the recording of artificial earthquakes and made 
some effort to deduce from them the structure of the terrain traversed. This work 
with Wiechert was apparently decisive in orienting his subsequent career. 

After a spate of teaching at the Technische Hochschule at Aachen and the 
Bergschule at Bochum, Dr. Mintrop founded, in 1921 at Hannover, the Seismos 
Gesellschaft which is probably the first geophysical contracting organization to 
be established anywhere. Initially this organization utilized the seismic refraction 
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technique almost exclusively, but later included others also, for example, the 
gravity-pendulum as developed for Seismos by Berroth. The first work done by 
Seismos in the western hemisphere was the refraction work for the Mexican Eagle 
Oil Company in Mexico, begun in early 1923. Later that same year a refraction 
crew began operations in the United States for the Marland Oil Company and 
early the following year (1924) a second crew began work in the Gulf Coast area 
for Gulf Oil Corporation. The Orchard dome (Moore’s Field) was the first dis- 
covery made. This was promptly followed by a considerable increase in the num- 
ber of crews and in the number of oil field structures found. 

In 1928 Dr. Mintrop was appointed to the newly established professorship 
of mine-surveying and geophysics at the Technische Hochschule at Breslau and 
in 1938, additionally, to membership in the Department of Natural Sciences at 
the University of Breslau. As a result of the Russian occupation, Dr. Mintrop 
left Breslau in 1945 and returned to his birthplace. After several semesters as 
substitute and guest professor at Aachen, he retired at the end of 1948 to his 
paternal farm. 

In 1949 Mintrop attended the St. Louis meeting of the S.E.G. and presented 
a paper on the geological implications of seismic recordings made at the time of 
the huge planned explosion on Helgoland in 1947 and of other data from large 
earthquakes. 

Since that time he has been active on various German and International geo- 
physical agencies. These included the constituting session of the European 
Seismological Commission at Verona in 1950, the Congress of the International 
Union for Geodesy and Geophysics in Rome in 1953 and the International Com- 
mittee for the seismic investigation of the deep underground of the Alps. He was 
present at the International Petroleum Congress in Rome in June, 1955, and a 
number of our members who were also there reported having stimulating visits 
with him. 

All told Dr. Mintrop made 1g visits to the United States. Those of his friends 
who were fortunate to be visited by him will remember the cigar invariably 
clenched between his teeth, and remaining there throughout the conversation. 
This did not help the intelligibility any, but the good doctor always made up by 
friendly gesture whatever was lacking in the enunciation. 

Dr. Mintrop was the recipient of an honorary degree from the Montanistishe 
Hochschule in Leoben (Austria) and an honorary member of no less than six of 
the numerous scientific, professional, and civic organizations of which he was a 
member and in which he took an active part. 

In 1930 DeGolyer and Mintrop were elected as the first honorary members 
of our Society in recognition of their efforts in establishing geophysics in petro- 
leum prospecting. It was an honor well deserved. Dr. Mintrop has left a stamp 
on seismic prospecting which will be recognized by many who never saw him. 
Those of us who were privileged to know him will remember him as an outstand- 
ing colleague and a wonderful person. 


E. A. ECKHARDT 


March 19, 1956 


MEMORIAL 


WILLIAM EMERSON PUGH 


On January 3, 1956, William E. (Bill) Pugh passed away during his sleep from 
a heart attack. Although his death was not unexpected, for Bill had been in ill 
health for some time, it was a great shock to all his friends, since his strong heart 
and tenacity to life were a great part of Bill’s character. 

As far back as 1935 Bill suffered an attack of cancer which was surgically 
eradicated and resulted in a colostomy. Despite this terrific disability, and know- 
ing that his life could be foreshortened at any time, he continued to be active both 
in his company duties, in athletics (such as bowling), and as an ardent fan of 
baseball. During the last several years, Bill was again subjected to surgery, and 
all who knew him marveled at his continuing enthusiasm, his will to live, and his 
good-humored outlook on life. 

Born in Williamsport, Pennsylvania, on March 19, 1900, Bill attended grade 
school and high school in Williamsport and was graduated in 1916. Fortwo 
years, 1919 to 1921, he was an underclassman at the United States Naval Acad- 
emy, Annapolis. Upon leaving the Academy, he went to work for Dovola Prod- 
ucts Company, Chicago. With his fine mind, Bill was attracted to geophysics and 
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entered the Colorado School of Mines in the late twenties and remained there 
until 1931, when he obtained a master’s degree in Geophysics. His exploits in the 
School of Mines, and particularly his high scholastic attainments, are fondly re- 
membered by his classmates. 

Upon leaving the School of Mines, Bill joined Plains Exploration Company 
to conduct magnetic surveys. In December 1932 he came to work for Seismograph 
Service Corporation, and in early 1933 joined the writer in starting the first 
company-owned Cities Service Oil Company seismograph crew, which com- 
menced operations out of Pratt, Kansas. He remained with Cities Service until 
1934 and returned to Seismograph Service Corporation as a party chief. For this 
group he pioneered many of the reflection techniques which the company used in 
the Gulf Coast of Texas and later in Kansas and Oklahoma. In 1939 he returned 
to the Tulsa office as a party supervisor. 

In 1945 he was made a senior research engineer and spent the remainder of 
his years with the company in this capacity. One of his outstanding accomplish- 
ments for the company was the compiling of a complete set of training manuals 
for all members of a seismograph party. This included texts, reading guides, and 
examinations. In 1954 he assisted in the teaching of geophysics at the University 
of Tulsa. 

While studying under Dr. C. A. Heiland at the Colorado School of Mines, 
Bill was co-author with Dr. Heiland of an outstanding paper on magnetics, 
“Theory and Experiments Concerning a New Compensated Magnetometer 
System,” which was published by The American Institute of Mining & Metal- 
lurgical Engineers. He will be remembered in the industry both by geologists and 
by geophysicists for his editing of two bibliographies published in 1950 and 1951 
entitled “Bibliography of Organic Reefs, Bioherms, and Biostromes” and ‘‘Bib- 
liography of Stratigraphic Traps.” The care, exhaustive research, and enthusi- 
asm with which he edited these publications, which have been distributed through- 
out the world, have earned him many favorable comments. 

Married in the early 1930s to Miss Helen Gibson (deceased July 24, 1938), 
Bill was the father of one daughter, Mrs. Robert (Georgianna Pugh) March, 
who now lives in Chicago. In 1942 he married a second time, this time to Miss 
Pauline Wise, of Tulsa. 

Bill was a member of Tau Beta Phi, Sigma Gamma Epsilon, and Kappa Sigma 
fraternities, and the Society of Exploration Geophysicists. 

Bill will long be remembered by his friends as a man of the highest intellectual 
attainments, who through his most productive years had to suffer more or less 
constantly from his physical infirmity. Given good health, there would have been 
no limit to what Bill could have accomplished in his chosen field. We will miss 
greatly his grand sense of humor which was ever present, his easy friendship, 
and his penetrating knowledge in all fields of geophysics. 


G. H. WESTBY 


February 27, 1956 


CONTRIBUTORS 


James E. Berry was graduated from the University of 
Colorado in 1946, receiving a B.S. degree in electrical en 
gineering. In 1947 he went to work for Seismograph Service 
Corporation. After working as a seismic observer for three 
years, including a two year term in Mexico, he entered the 
Colorado School of Mines. He enrolled in the Geophysics 
Department and received his M.S. degree in 1952. Since 
1952 he has been employed at the Field Research Labora- 
tories of Magnolia Petroleum Company in Dallas as a mem- 
ber of the well logging group. He is presently engaged in 
the interpretation of all types of well logs. He has been a 
member of the Society of Exploration Geophysicists since 
1950. 


James E. BERRY 


GEORGE J. BLuNDUN, a Canadian by birth, received 
the degree of Bachelor of Science in mathematics and phys- 
ics from the University of Saskatchewan in 1938. After hav- 
ing taught school for 9 years, he joined the Royal Canadian 
Air Force in 1940, and served as an air navigation instruc- 
tor and staff officer for nearly 5 years. Upon discharge he 
joined a seismic party at Pincher Creek, Alta., as computer, 
interpreter, and then party chief for Gulf Research and De- 
velopment Company. In September, 1948, he became chief 
geophysicist for Northwest Seismic Surveys Ltd. at Calgary, 
Alta. From March, 1953, to the present he has been the 
chief geophysicist for Oilwell Operators Ltd., Calgary, which 
company directs the exploration and development of Home 
Oil Company, Federated Petroleums, and United Oil Com- 
pany. 

His general background is ten years of reflection seis- 
mic work in the Alberta and Saskatchewan plains, as well 
as Peace River, together with the refraction seismic work 
in the Alberta foothills. 

He is a member of the Society of Exploration Geophysicists and the Canadian Society*of Ex- 


GrEorGE J. BLUNDUN 


ploration Geophysicists. 


880 


: 
> 
ed 
: 


CONTRIBUTORS 881 


RicHarp L. BuRLING took his doctorate in experi- 
mental nuclear physics in 1941, working on atom-smashing 
electrostatic generators at the University of Wisconsin. 
He lost some interest in that field as it was increasingly 
applied to the destruction of human life and works. Dur- 
ing most of his professional career, he has been teaching 
physics in colleges and universities, getting started in geo- 
physics by being asked to teach a course at the University 
of Hawaii. The reflections of sound described in this issue 
of Geopuysics, he noticed as a curious sideline while doing 
routine computations on seismograms with Western Geo- 
physical Company’s party 64 in Santa Barbara. Dr. Burling 
is also interested in the utilization of solar energy, particu 
larly in underdeveloped parts of the world. : 


RicHARD L. BURLING 


JéROME CHASTENET DE G&ry is a native of Paris 
France. His mathematical studies in Paris were interrupted 
by World War IT, during which he served as a volunteer for 
three years. After becoming “Licencié-és-Sciences” in 1948, 
he entered the Aeronautique Research Institute (ONERA) 
where he was engaged in theoretical work on elasticity. 
During that time he taught modern mathematics to engi- 
neers. Since 1951 he has been with the Compagnie General 
de Geophysique, where he is chief of the mathematical sec- 
tion, dealing in particular with problems related to electric 


and magnetic interpretation. 

M. Chastenet is a member of the “Société Mathéma- 
tique de France”’ and the European Association of Explora- 
tion Geophysicists. 


JérOmE CHASTENET DE GERY 
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Lacoste G. Eis received his B.A. degree from The 
Rice Institute in 1927. This was an academic degree with 
no major but covered general academic courses, including 
business administration and economics. He then special 
ized in physics and mathematics and obtained his M.A. 
degree in physics from Rice in 1929. He was an honor stu- 
dent during his four years of undergraduate work and a 
Fellow in Physics for the year 1928-1929. While attending 
Rice he also studied law one year at the South Texas School 
of Law (night school). 

He joined Sun Oil Company in 1929 and since then has 
worked in the seismograph department successively as op- 
erator, party chief, technical head of seismograph depart- 
ment and at present is manager of seismograph exploration. 
He has been a member of The Society of Exploration Geo- 

% physicists since 1936. 
Lacoste G. ELLIs 


STaNLEY NEWTON Heaps was born in Houston, Texas 
in 1917. He received his B.A. degree from Rice Institute in 
Houston, Texas in 1939 with physics as major. He received 
his B.S. degree from California Institute of Technology in 
1940 with meteorology as major. 

He was a meteorologist with Braniff Airways in Dallas, 
Texas in 1940. He was active in Dallas-Ft. Worth branch 
of American Meteorological Society. He obtained com- 
mercial radio telegraph and telephone licenses, and aircraft 
dispatchers certificate and ground school meteorology in- 
structor rating. In 1945 he joined Magnolia Petroleum Field 
Research Department as computer for an experimental 
seismic crew; transferred to the Dallas Laboratory in 1949. 
He has been co-inventor on several geophone designs and 
seismic prospecting techniques. 

Mr. Heaps is a member of the Society of Exploration 
Geophysicists. STANLEY NEWTON HEaps 
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ROLAND G. HENDERSON received the bachelor’s de- 
gree with majors in mathematics and physics from the Wis- 
consin State Teachers College, Milwaukee in 1935. He 
obtained his M.S. degree in mathematics from Atlanta Uni- 
versity in 1939. From 1939 to 1941 he pursued graduate 
studies in mathematics and physics at the University of 
Wisconsin, and became a Julius Rosenwald Fellow there, 
1940-1941. 

He was employed by the Topographic Branch of the 
U. S. Geological Survey as a geodetic computer, 1942- 
1946, and as a geodetic engineer 1946-1947. During this 
time he did research in precision altimetry. In 1947 he 
transferred to the Aeromagnetic Section of the Geophysics 
Branch of the Survey where he has been engaged in geo- 
physical research. 

Mr. Henderson is a member of the National Honor 


Fraternity, Kappa Delta Pi; the American Geophysical 


Union; the Society of Exploration Geophysicists; and the 


RoLanp G. HENDERSON 


Geological Society of Washington. 


WarREN Hicks graduated from the University of 
Texas in 1949 with a degree in electrical engineering and 
has been employed in the Field Research Laboratories of 
Magnolia Petroleum Company since that time. His first 
assignment was observer on a research seismic crew. He 
was later transferred to well logging research and has served 
as field logging engineer and now is specializing in interpre- 
tation of experimental logs. Mr. Hicks is a member of the 
Society of Exploration Geophysicists. 


WARREN Hicks 
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F. P. Kokesu was born in Hopkins, Minnesota. He 
received the degree of B.S. in electrical engineering in 1935 
from the University of Minnesota, and in 1937 joined 
Schlumberger Well Surveying Corporation as field en- 
gineer. He became party chief and district engineer at 
Winnfield, La. in 1940. After serving with the United 
States Army Signal Corps and Air Corps from 1941 to 1945, 
attaining the rank of Lieutenant Colonel, Mr. Kokesh re- 
joined Schlumberger. He was district engineer at Monroe, 
La., and Harvey, La., division engineer of the Mississippi 
division at Jackson before joining the Schlumberger en 
gineering staff at Houston in 1951. He is presently head of 
the geophysical engineering section. 

Mr. Kokesh is a member of Eta Kappa Nu, American 
Institute of Mining and Metallurgical Engineers, Institute 
of Radio Engineers, and Society of Exploration Geophysi 
cists. 


F. P. KokEsH 


G£zA KuNETz was born in Subotica, Hungary, a town 
which is now in Yugoslavia. He has lived in France since 
1931, where he received the “Licencié-és-Sciences” in 1934 
and the doctorat of the Paris University (Sorbonne) in 
mathematics in 1937. In 1936 he had joined Society de 
Prospection Electrique (Schlumberger) where he was en- 
gaged in theoretical studies related to well logging. After 
World War IT he was transferred to the sister company, 
Compagnie Generale de Geophysique, for work with sur- 
face prospecting. He took part in the development of the 
new telluric, or earth-current method of prospecting and 
supervised its tests and applications in France, England, 


Italy, Africa, the United States and Venezuela. Since 1953 pee 
he has been in the general research department of the com- ; 
pany. 

Dr. Kunetz is a member of the European Association A 


of Exploration Geophysicists and the Society of Explora- 
tion Geophysicists. 


G£zA KUNETZ 
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Don R. MaBey received a B.S. degree in physics from 
the University of Utah in 1951. Since 1951 he has been em- 
ployed in the Geophysics Branch of the U. S. Geological 
Survey with headquarters in Salt Lake City, Utah, and 
Washington, D. C. His principal activities have been in 
regional geophysical studies in the Great Basin and shallow 
seismic investigations. 

Mr. Mabey is an associate member of the Society of 
Exploration Geophysicists and the American Geophysical 
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NorMAN R. PATERSON 


1955. 


Don R. MABEY 


NorMAN R. PATERSON was born in 1926 in London, 
England, and received his early education there, and at 
Port Hope, Ontario, Canada. He spent the period 1943- 
1946 in the British Army, serving as a signals officer in Eng- 
land, East Africa and Palestine. 

He graduated in the geophysics option of engineering 
physics from the University of Toronto in 1950, having 
spent the summers doing field work in gravity, magnetic 
and electromagnetic prospecting for Radar Exploration 
Company and Canadian Nickel Company. He received the 
Master’s degree from the University of British Columbia 
in 1951 with geophysics as his major subject and geology as 
a minor. 

He spent 1951 to 1953 as a seismic interpreter with 
Imperial Oil Ltd. in Alberta, Canada. In 1953 he returned 
to the University of Toronto and spent two years conduct- 
ing research under the physics department in elastic wave 
propagation in porous media. He received the Ph.D. in 


Since that time he has held the position of manager of geophysical operations with Dominion 


Gulf Company, Toronto, Canada. 
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STEPHEN THYsSSEN-BORNEMISZA was born near Vienna, 
Austria in 1907. He studied chemical engineering at M.I.T., 
chemistry and physics at Zurich University in Switzerland, 
geophysics at the Eétvés Institute in Budapest receiving 
his Ph.D. degree in 1932. The same year he entered the 
Seimos Geophysical Company in Hanover, Germany serv- 
ing at the torsion balance department. Within 27 years he 
became president of this company which, under his direc 
tion, carried out a large part of the surveys in central and 
eastern Europe. 

He invented the Thyssen-Gravimeter in 1933 which is 
one of the first gravimeters to be used in the field on a large 
scale by the Shell Petroleum Co. He is now independent 
geophysicist in Havana, Cuba. 

Dr. St. Thyssen-Bornemisza is a member of the So 
ciety of Exploration Geophysicisis, of the American Geo 
physical Union, and life member ot the American Associa- 
STEPHEN THYSSEN-BORNEMIS ZA tion for the Advancement of Science. 


Dr. W. F. STACKLER, Professional Engineer of Alberta, 
Canada, is a consulting Geophysicist in Calgary. He re- 
ceived his doctor’s diploma in Berlin in 1925 for an isostatic 
interpretation of a gravity survey in Africa. From 1926 to 
1945 he was with Seismos Company in Hannover, in charge 
of the torsion balance division, and in 1945 became a con- 
sultant. In 1952 he moved to Calgary to establish his own 
practice as a consultant. He is a member of the Society of 
Exploration Geophysicists, of the European Association of 
Exploration Geophysicsts, of the American Geophysical 
Union, of the Alberta Society of Petroleum Geologists and 
of the Deutsch Geol. Gesellschaft. 


W. F. STACKLER 
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Raout Vajk studied mechanical engineering from 
191g to 1923 at the University of Polytechnics, Budapest, 
and obtained his Ph.D, degree in geophysics at the Uni- 
versity of Science, Budapest. From 1928 to 1931, Dr. Vajk 
was engaged by the Torsion Balance Exploration Company, 
Houston, Texas, as geophysical interpreter. From 1933 to 
1946, he was head geophysicist of the Hungarian-American 
Oil Industrial Company (MAORT), Budapest, a Standard 
Oil Company (New Jersey) subsidiary. In 1939 Dr. Vajk 
became an associate professor of applied geophysics at the 
University of Science, Budapest. He published several 
articles on geophysical problems in various technical peri- 
odicals. In October 1946, he immigrated to the United 
States and has been employed since November 1, 1946, by 
the Standard Oil Company (New Jersey). He is working in 
the company’s New York office as geophysical advisor. 


Raout 


GEORGE G. WALTON received an A.B. degree in geology 
from DePauw University in 1933. Since 1934 he has been 
employed by the Carter Oil Company. He spent some years 
in foreign work as computer and party chief working in 
Hungary, Roumania, Peru and France. He is now located 
in the Carter Tulsa offices as a senior geophysicist. 

Mr. Walton is a member of the Geophysical Society 
of Tulsa and the Society of Exploration Geophysicists. 
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Harry WEXLER is Chief Scientist of the USNC-IGY 
Antarctic Program and is responsible for its entire scientific 
effort to be undertaken in 1957 and 1958 in Antarctica. He 
is a member of the USNC-IGY Antarctic Committee, the 
USNC-IGY Technical Panel on Meteorology, the ad hoc 
Arctic Committee and the ad hoc Equatorial Committee. 
He is also an alternate member of the U. S. National Com- 
mittee for the International Geophysical Year and its 
Executive Committee. 

Dr. Wexler received his B.S. degree in mathematics 
from Harvard University in 1932. He did graduate work at 
the Massachusetts Institute of Technology from 1932 to 
1934 and from 1937 to 1938 and obtained his Sc.D. in 
meteorology in 1939. During the intervening period, 1934 
to 1937, he worked at the U.S. Weather Bureau in Chicago, 
Illinois, and Washington, D. C. He was appointed assistant 
professor of meteorology at the Institute of Meteorology of 

Harry WEXLER the University of Chicago in 1940 and left this position in 

late 1941 to return to defense work at the Weather Bureau 

in Washington. In November, 1942, he joined the Army Force’s Weather Service as a captain and was 

appointed senior instructor in meteorology to the Army Air Force Aviation Cadet School in Grand 

Rapids, Michigan. While there he served as a member of the war-time University Meteorological 
Committee established to assist the military services in matters related to meteorological training. 

In late 1943 Dr. Wexler was transferred to the Weather Division of the Army Air Forces in Wash- 
ington, where he served as research executive and initiated and fostered a program of research in 
weather which later developed into the large Air Force program in geophysics. In September, 1944, 
Dr. Wexler, with Colonel Floyd Wood as pilot, made the first penetration of an Atlantic hurricane, 
which because of its unusual intensity became known as the ‘‘Great Atlantic Hurricane.” In 1946 Dr 
Wexler became Chief of the U. S. Weather Bureau’s Science Services Division. In 1955 he was named 
Director of Meteorological Research. The Weather Bureau has made Dr. Wexler available to the 
USNC-IGY for scientific direction of the Antarctic program. 

In 1945 the Institute of Aeronautical Sciences presented Dr. Wexler the Losey Award in recog- 
nition of his outstanding contributions to the science of meteorology as applied to aeronautics. 

Dr. Wexler is a member of the Advisory Committee on Reactor Safeguards for the Atomic En- 
ergy Commission, chairman of the Geophysical Research Panel of the Scientific Advisory Board to 
the Air Force Chief of Staff, and a member of the Meteorological Operations Sub-committee of the 
National Advisory Committee for Aeronautics. He is vice-president of the American Meteorological 
Society and a member of the Royal Meteorological Society and the Washington Academy of Sciences. 
He is a member of the American Geophysical Union and chairman of its Upper Atmosphere Commit- 
tee. In August, 1955, Dr. Wexler was a member of the U. S. delegation to the ‘‘Atoms for Peace” con- 
ference in Geneva, Switzerland. 

As an internationally recognized authority on meteorology, Dr. Wexler has published some fifty 
papers in scientific journals treating such subjects as the radiative cooling of the air, polar anti-cy- 
clones, atmospheric turbidity, structure of hurricanes, and upper atmosphere temperatures and dy- 
namic connections with the lower atmosphere. 

Dr. Wexler was married in 1934 to the former Hannah Paipert, and they have two daughters, 
Susan Carol and Libby. They reside in Falls Church, Virginia. 
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J. E. Wuite received a B.A. degree in 1940 and an 
M.A. degree in 1946, both from the University of Texas. 
He received a Ph.D. from the Massachusetts Institute of 
Technology in 1949. The major subject in each case was 
physics. 

From 1941 to 1945, Dr. White worked on underwater 
sound problems at the Massachusetts Institute of Tech 
nology, serving as director of the MIT Underwater Sound 
Laboratory during the last year of this period. He then 
spent one year in guided missiles research at the Defense 
Research Laboratory in Austin before returning to MIT 
for graduate work. 

From 1949 to 1955, he had charge of a group engaged 
in geophysical research at the Field Research Laboratories 
of the Magnolia Petroleum Company. At present he is head 
of the physics section of the Denver Research Center of 
The Ohio Oil ¢ ompany. J. E. 

Dr. White is a fellow of the Acoustical Society of 
America and a member of the Society of Exploration Geophysicists, the American Physical Society’ 
and the American Association for the Advancement of Science. 


ALFRED C, WINTERHALTER studied chemical engineer- 
ing at The Rice Institute. He entered the employ of the 
Sun Oil Company in 1929 as an operator on a refraction 
seismic crew and later became party chief. He also served 
as party chief on reflection seismic crews and as research 
engineer in Sun’s geophysical laboratory. At the present 
time, he is assistant manager of Sun’s seismograph depart- 
ment and is in charge of their geophysical research labora- 
tory and shop located at Beaumont, Texas. 

He is a member of the Society of Exploration Geo- 
physicists. 


ALFRED C, WINTERHALTER 


CONTRIBUTORS 


IsmpoRE Z1eETz graduated with a B.S. degree in math- 
ematics in 1939 and a Master’s degree in 1940 from the 
College of the City of New York. He is now fulfilling re- 
quirements for the Ph.D. in theoretical physics at the 
Catholic University of America. He was employed by the 
U. S. Geological Survey as a field topographic engineer in 
1941 and has been working with the Survey since that time. 
He transferred to the Washington, D. C. office in 1942 as a 
geodetic engineer and served in the U. S. Army from 1944 
to 1946 with the 30th Engineers Base Topographic Bat- 
talion doing geodetic and topographic work. Upon dis- 
charge from the army, he returned to the U. S. Geological 
Survey as a geodetic engineer. In 1946 he transferred to the 
Geophysics Branch where he has been working for the most 
part on research in the interpretation of aeromagnetic data. 
He was an instructor in mathematics from 1946 to 1950 at 
Catholic University and is now teaching mathematics part- 
time at the University of Virginia extension school. 


IsipORE ZIETZ 


Mr. Zietz is a member of Sigma Xi, the Society of Exploration Geophysics and Geological Society 


of Washington. 


The biography and photograph of Philip L. Lawrence may be found in Geophysics, v. 19, p. 846 


(October, 1954). 
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J. M. CRAWFORD 

C. Hewitt Drx 

H. F. DuNnLAP 

MavrRIcE EwinG 

C. H. GREEN 

B. D. LEE 

L. L. NETTLETON 

T. J. 
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R. A. PETERSON 
DANIEL SILVERMAN 
P. S. WILLIAMS 


Index of Wells 
V. U. Gartuer, Chairman 


Magnetic Recording 
R. R. THompson, Chairman 
KeitH R. BEEMAN 
ROLAND F.. BEERS 
K. E. Burc 
J. D. E1ster 
GLENN M. GROSJEAN 
J. E. HAWKINS 
K. M. LAWRENCE 
B. D. LEE 
A. J. W. Novak 
R. A. PETERSON 
F. A. VAN MELLE 


Subcommittee on Definitions 
& Measurement 


R. A. ARNETT 

L. B. McMants 
FRANK COKER 

L. W. ERATH 

J. M. CuNNINGHAM 
J. J. Durapau 

F. J. FEAGIN 

H. R. Frank 
ROGER HARLAN 


LOCAL SECTIONS 


R. W. KELLEY 
R. C. Moopy 


Subcommittee on Recorder 
Characteristics 

S. KauFMAN, Chairman 

A. L. PARRACK 

J. D. SKELTON 


AAPG-SEG-SEPM Commit- 

tee on Radioactive Mineral 

Exploration (SEG members) 

Henry C. Cortes, Vice-Chair- 
man 

RoLanp F. BEERS 

Crcit H. GREEN 

GERHARD HERZOG 

GERALD H. WEstTBY 


American Geological 
Institute Directors 
Roy L. Lay (’56) 
Pavut L. Lyons (57) 


National Research Council 
Div’n of Earth Sciences 
Representative 


C. B. Bazzon1 
AAAS Council 
Representative 
ROLAND F. BEERS 


GEOPHYSICAL SOCIETY OF TULSA 


(CHARTERED FEBRUARY 2. 1948) 


President: Wm. M. Erpaut, Skelly Oil Co. 

1st Vice-President: JOHN J. RuPNtK, Rupnik and Ballou 

ond Vice-President: JAMES J. JOHNSON, Sinclair Oil & Gas Co. 
Secretary: RALPH D. Lynn, The Carter Oil Co. 

Treasurer: JOHN E. BONDURANT, Phillips Petroleum Co. 


Editor: V. L. Jones, Consultant 


District Representatives: 


H. M. Turatts (’56), Geo Prospectors, Inc. 

W. T. Born (’56), Geophysical Research Corp. 

L. Y. Faust (’57), Amerada Petroleum Corp. 
Meetings: Monthly, 2nd Thursday, 7:00 P.M., meeting only, University of Tulsa, Room 224, Petro- 


leum Science Hall 


SOCIETY OF EXPLORATION GEOPHYSICISTS HOUSTON SECTION 


(CHARTERED FEBRUARY 14, 1948) 


President: W. HARLAN Taytor, Taylor Exploration Co. 
st Vice-President: J. F. FREEL, Research Exploration, Inc. 
2nd Vice-President: JouN Byers, States Explorations Co. 
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Secretary: S. Brooks Stewart, Sohio Petroleum Co. 
Treasurer: M. L. BENKE, Oil Reserves Corp. 
District Representatives: 
O. B. Hocker (’56), The Texas Co. 
W. T. LEA (’57), Cities Service Oil Co. 
Meetings: Monthly, Noon luncheon ($1.50), Rice Hotel. 


PACIFIC COAST SECTION 
(CHARTERED APRIL 12, 1948) 


President: T. P. ELtswortu, Geophysical Service Inc., Bakersfield, Calif. 
Vice-President Northern District: Paut F. CLEMENT, Western Gulf Oil Co., Bakersfield, Calif. 
Vice-President Southern District: LAWRENCE K. Morris, Union Oil Co. of Calif., Los Angeles 
Secretary-Treasurer: Tuomas A. Roy, The Ohio Oil Co., Bakersfield, Calif. 
District Representatives: 

H. United Geophysical Corp. Arcadia, Calif. 

Witiiam D. Corrricut, Tide Water Assoc. Oil Co., Bakersfield 

JosepH C. WATERMAN, Shell Oil Co., Los Angeles 


DALLAS GEOPHYSICAL SOCIETY 
(CHARTERED AvGusT 7, 1948) 


President: JouN A. LESTER, Magnolia Petroleum Co. 

1st Vice-President: H. F. Duntap, The Atlantic Refining Co. 

2nd Vice-President: GLENN M. CONKLIN, Sun Oil Co. 

Secretary-Treasurer: M. S. Hatuaway, The Atlantic Refining Co. 

District Representatives: 
Martin C. Ketsey, Rayflex Exploration Co. 
C. G. Daum, Hunt Oil Company 

Meetings: Monthly, generally but not invariably 2nd Monday (contact any member). 8:00 P.M. 
Fondren Science Bldg., S.M.U. 


FORT WORTH GEOPHYSICAL SOCIETY 
(CHARTERED AvGustT 7, 1948) 


President: H. E. IrrEN, Empire Geophysical Inc. 
Vice-President: RicHARD BREWER, Continental Geophysical Co. 
Secretary-Treasurer: CARL WERT, Gulf Oil Corp. 
District Representatives: 
FRANK Mort tock, Gulf Oil Corp. 
L. O. SEAMAN, Sinclair Oil and Gas Co. 
Meetings: Monthly, 4th Monday, Noon Luncheons ($1.50), Texas Hotel. 


ARK-LA-TEX GEOPHYSICAL SOCIETY 
(CHARTERED MARCH 12, 1949) 


President: HERBERT J. FERBER 

Vice-President: CHARLES BRAGG 

Secretary-Treasurer: H. L. GRANT 

District Representatives: 
Jackson YOUNG 
B. B. Burroucus, Sunray Oil Corp. 

Meetings: Monthly, normally last Monday, Noon Luncheon ($1.50), Captain Shreve Hotel, Shreve- 
port. 
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PERMIAN BASIN GEOPHYSICAL SOCIETY 
(CHARTERED JANUARY 30, 1950) 


President: DECKER Dawson, Dawson Geophysical Co. 
ist Vice-President: MAXEY PINSON, Union Oil Co. of California 
ond Vice-President: W. A. SEAL, JR., Continental Geophysical Co. 
Secretary: MALCOLM KNock, Stanolind Oil and Gas Co. 
Treasurer: R. J. Knorr, The Atlantic Refining Co. 
District Representatives: 
L. H. Jounson, Honolulu Oi! Corp. 
C. N. PaGe, Continental Geophysical Co. 
LorENz SHock, Midland Geophysical Co. 
Meetings: Monthly, 2nd Tuesday 7:30 p.M., free coffee and doughnuts, Midland Womens Club, Mid- 
land, Texas 
DENVER GEOPHYSICAL SOCIETY 
(CHARTERED MAy 19, 1950) 


President: F.. B. Wasson, Cosden Petroleum Co. 

Vice-President: C. E. RippEtt, Consultant 

Secretary-Treasurer: J. E. THompson, Sun Oil Co. 

District Representative: C. C. O’Boyte, Brainerd & Van Tuy] 

Meetings: Monthly, 1st Monday, 5:30 P.M., meeting only, Petroleum Club. 


CANADIAN SOCIETY OF EXPLORATION GEOPHYSICISTS 
(CHARTERED JANUARY 24, 1952) 


President: R. B. Ross, Canadian Gulf Oil Co. 
Vice-President: G. J. BLuNnpuN, Home Oil Co. 
Secretary-Treasurer: Don V. BiGELow, Mobil Oil of Canada, Ltd. 
District Representatives: 

G. F. Coorr, Accurate Exploration Ltd. 

F. A. Hate, Calif. Standard Co. 
Meetings: Monthly Evening Meetings—No Set Schedule. 


GEOPHYSICAL SOCIETY OF OKLAHOMA CITY 
(CHARTERED SEPTEMBER 30, 1952) 


President: R. D. ROBERTS, Sohio Petroleum Co. 

1st Vice-President: JOHN BEMROSE, Sohio Petroleum Co. 

ond Vice-President: D. D. Moore, Seismic Explorations, Inc. 

Secretary: GEORGE E. ANDERSON, Stanolind Oil & Gas Co. 

Treasurer: Ben W. Smith, Continental Oil Co. 

District Representative: R. D. Roperts, Sohio Petroleum Co. 

Meetings: Monthly, 2nd or 3rd Monday, time and place to be announced. 


CASPER GEOPHYSICAL SOCIETY 
(CHARTERED MAY 23, 1953) 


President: H. F. Farmer, Richfield Oil Corp. 

Vice-President: H. F. Dopson, The Atlantic Refining Co. 
Secretary-Treasurer: C. M. Brown, Teton Tool Co. 

District Representative: Homer Roberts, Petty Geophysical Engineering Co. 
Meetings: Monthly, rst Monday, 7:00 P.m., Dinner ($2.75), Townsend Hotel 
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GEOPHYSICAL SOCIETY OF SOUTH TEXAS 
(CHARTERED NOVEMBER 9, 1953) 
President: W. Lex Moore, Petty Geophysical Engineering Co. 
Vice-President: WiLLiAM R. Gray, Consulting Geologist 
Secrelary-Treasurer: DILLON S. FRAZIER, Petty Geophysical Engineering Co. 
District Representative: WELDON L. CRAWFORD, Petty Geophysical Engineering Co. 
Meetings: Semi-monthly, 1st and 3rd Wednesdays, Noon luncheon (Cafeteria style), Sommers 
Cafeteria, Main Plaza, San Antonio. 


SOUTHEASTERN GEOPHYSICAL SOCIETY 
(CHARTERED APRIL 1, 1954) 

President: Joun F. Boyp, Tidelands Exploration Co., New Orleans 
Vice-President: O. G. HOLEKAmp, Shell Oil Co., New Orleans 
Secretary-Treasurer: R. E. HAtsey, Sinclair Oil & Gas Co., New Orleans 
District Representatives: 

L. W. CosBena, The Texas Co., New Orleans 

M. G. Frey, The California Co., New Orleans 
Meetings: Monthly, 3rd Monday, Noon luncheon ($1.50), St. Charles Hotel, New Orleans 


MONTANA GEOPHYSICAL SOCIETY 
(CHARTERED APRIL 12, 1954) 
President: Sam Marsu, The Carter Oil Co. 
1st Vice-President: JacK PETERS, Mobil Producing Co. 
2nd Vice-President: M. D. WiCKERHAM, Gulf Oil Corp.. 
Secretary-Treasurer: C. F. Moore, Sohio Petroleum Co. 
District Representative: THomas C. Kinc, Murphy Corp. 
Meetings: Monthly, Second Monday, 7:30 P.af., Billings Petroleum Club, Billings. 


DAKOTA GEOPHYSICAL SOCIETY 
President: W. EF. Puiutes, Stanolind Oil & Gas Co., Box 1437, Bismarck, N. D. 
1st Vice-President: HuGH McCaw, The Atlantic Refining Co., Box 1076, Bismarck, N. D. 
ond Vice-President: Quin Hayes, Mobil Producing Co., Box 1236, Bismarck, N. D. 
Secretary-Treasurer: R. R. PHAtR, Roundup Powder Co., Box 452, Bismarck, N. D. 
District Representative: HENRY NoGaAmi, The Atlantic Refining Co., Box 728, Dickinson, North 
Dakota 
Meetings: Monthly, 1st Friday, 7:30 p.M., Petroleum Club, Prince Hotel, Bismarck. 
JACKSON GEOPHYSICAL SOCIETY 
(CHARTERED MAy 12, 1955) 
President: FRED FORWARD, Phillips Petroleum Co. 
Vice-President: W. J. ROBINSON, Sinclair Oil & Gas Co. 
Secretary-Treasurer: R. LONG, Stanolind Oil & Gas Co. 
District Representative: J. W. GREEN, Donnally Exploration Co. 
Meetings: Monthly, during third week, 5:30-6:30 refreshments, 6:30-7:30 dinner ($2.00), technical 
meeting to follow, Roof Garden of Robert E, Lee Hotel, Jackson, Mississippi. 
SOUTHWEST LOUISIANA GEOPHYSICAL SOCIETY 
Lafayette, Louisiana 
(CHARTERED JANUARY 4, 1956) 


President: J. J. SCHNEIDER, JR., Sohio Petroleum Co., Box 1ogo, Lafayette, La. 
1st Vice-President: E. L. Ricketts, Forest Oil Corp., Box 1401, Oil Center Sta., Lafayette, La. 
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2nd Vice-President: E. L. CURRENT, Cities Service Oil Co., Box 1407, Oil Center Sta., Lafayette, La. 
Secretary-Treasurer: J. W. BELL, Jr., Pan-Amer. Prod. Co., Drawer 1409, Oil Center Sta., Lafayette, 

La. 
District Representatives: 

E. L. Ricketts, Forest Oil Corp. 

P. H. Jerrers, Chemical Service Inc. 

STUDENT SOCIETIES 
(AFFILIATED) 
COLORADO SCHOOL OF MINES SOCIETY OF STUDENT GEOPHYSICISTS 
Golden, Colorado 


President: RONALD E. D1rEDERICH Secretary-Treasurer: ROBERT I. BUCKNELL 
Vice-President: ROGER C, GORE Faculty Sponsor: Joun C. HOLLISTER 
Meetings: (Data not received) 

GEOPHYSICAL SOCIETY OF SAINT LOUIS UNIVERSITY 
President: RICHARD SNEIDER Secretary: Tuomas McEviLiy 
Vice-President: GILBERT BOLLINGER Treasurer: ROBERT RILEY 


Faculty Moderator: (To be ap pointed) 

Meetings: Monthly, 2nd Wednesday, 7:30 P.M., Meeting only, Institute of Technology. 
SOCIETY OF EXPLORATION GEOPHYSICISTS HOUSTON STUDENT SECTION 

President: Tom VINING, University of Houston 

1st Vice-President: D. E. MILter, Rice Institute 

2nd Vice-President: EUGENE GREEN, University of Houston 

Treasurer: JACK WriGuHT, University of Houston 

Secretary: D. H. Cook, University of Houston 

University of Houston Sponsor: Dr. R. A. GEYER, Geophysical Service Inc., Box 6937, Houston 5, 
Texas 

Rice Institute Sponsor: Dr. CHARLES B, OFFICER, JR. 

Meetings: (Data not received) 


UNIVERSITY OF TORONTO GEOPHYSICAL SOCIETY 
President: DouGLtas W. ALLAN Secretary-Treasurer: JOuN E. Hoce 


Vice-President: JOHN JAMIESON Faculty Sponsor: Pror. J. A. Jacoss 
Meetings: Bi-weekly, alternate Thursdays, 4:00 P.M., 49 St. George St. 


UNIVERSITY OF TULSA STUDENT GEOPHYSICAL SOCIETY 
Dept. of Geophysics 
600 S. College, Tulsa, Oklahoma 
President: Scott Smitu Secretary-Treasurer: Pat Dosy 
Vice-President: JUAN SUAREZ Faculty Sponsor: Pror. H. M. ZENOR 
Meetings: Weekly, Thursday, 11:00 A.M., 116 Petroleum Science Bldg., Campus. 
TRANS-PECOS STUDENT SECTION 


Box 56, Texas Western College 
E] Paso, Texas 


President: Joe H. ScaAes Secretary: JOHN T. SAMPLE, JR. 
1st Vice-President: PETER G. GRAY Treasurer: Witt1AM D. GRANT 

2nd Vice-President: HARRY R. Hirscu Faculty Sponsor: WM. S. STRAIN 
Meetings: To be announced. 
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PENNSYLVANIA STATE UNIVERSITY GEOPHYSICAL SOCIETY 


College of Mineral Industries 
University Park, Pennsylvania 


President: JouN K. Lyon Secretary: JAMES B. IMSWILER 
Vice-President: HAroip G. ROZELLE Treasurer: DONALD W. STRICKLER 
Faculty Sponsor: Dr. B. F. HOWELL 
UNIVERSITY OF UTAH GEOPHYSICAL SOCIETY 


College of Mines and Mineral Industries 
Salt Lake City, Utah 


President: WiLL1AM M. DOLAN Secretary: Howarp L. CONFER 
Vice-President: J. BuRLIN JOHNSON, JR. Treasurer: PETER MANDEL, JR. 
Faculty Advisor: Dr. KENNETH L. Cook 
Meetings: Monthly, rst Thursday, noon, Mines Bldg.; other special meetings to be announced 
GEORGIA INSTITUTE OF TECHNOLOGY GEOPHYSICAL SOCIETY 
Box 4748 
Atlanta, Georgia 


President: CLIFFORD N. CHANCEY, JR. Secretary-Treasurer: WiLLIAM HOGARTH 
Vice-President: JACK GRAVENMIER Faculty Sponsor: Dr. H. W. StRALEY III 


MEMBERSHIP APPLICATIONS RECEIVED 


\pplications for Active membership have been received from the following candidates. This 
publication does not constitute an election but places the names before the membership at large, in 
accordance with Bylaws, Article III, Section 4. References are listed in parentheses following the 


name of each candidate. If any member has information bearing on the qualifications of these candi- 
dates he should send it to the President within thirty days. 


APPLICATIONS FOR ACTIVE MEMBERSHIP 


John F. Boyd (J. B. Ferguson, R. R. Moore, R. L. Palmer, R. G. St. Germain) 
George Castellucci (C. H. Johnson, Robert Dyk, H. L. Rasé, Robert Dundon) 

C. M. Chappell (E. R. Brumbaugh, J. M. Nash, F. R. Veasaw, R. C. Kendall) 

C. R. Church (H. G. Patrick, D. P. Carlton, Glenn E. Bader, Wm. M. Rust, Jr.) 

FE. H. Clark (A. L. Ladner, H. M. Thralls, Roy Bennett, W. B. Brinnon) 

Robert J. David (R. C. Dunlap, Jr., F. J. Agnich, Cecil H. Green) 

C. A. Dittrich (R. F. Keller, Jack Martin, T. O. Hall) 

J. H. Edge (A. P. Wendler, W. M. Burney, J. J. Flowers, D. B. Moore) 

S. H. Figueroa (R. F. Aldredge, Vladimir Olhovich, Daniel Gutierrez, Jesus Basurto) 
David J. Flesh (Robert Baum, R. M. Wilson, Rolla T. Wade, Glenn Baker, W. Barrett) 
Paul H. Foster (Norman Ricker, H. J. Wirz, R. D. Lynn, W. A. Alexander) 

A. Frey (R. A. Weisbrich, H. L. Brewer, A. Farando, J. J. Holtzscherer) 

Kk. A. Fulmer (F. A. Hale, C. M. Moore, Jr., A. W. Farmilo, Phil P. Gaby) 

M. J. Goodspeed (R. F. Thyer, K. R. Vale, E. J. Polak, J. A. Hakes) 

Robert Halvorsen (R. H. Carlyle, R. Copeland, A. H. McKee, H. J. McGrew) 

W. G. Hatlelid (A. P. Crosby, C. J. Chapman, A. S. Gibson) 

John R. Henderson, Jr. (James R. Balsley, H. R. Joesting, Roland G. Henderson, Isidore Zietz) 
M. C. Hester (A. G. Nance, A. L. Barnes, E. A. Pratt, D. P. Melton) 

Raymond F. Holsch (C. A. Weeth, H. V. Goss, F. H. McGowan) 

D. Henao L. (R. M. Tesar, Harry M. Imle, L. G. Morales, T. B. Portwood) 

A. Helmer (H. H. Brons, B. Baars, O. Koefoed) 

M. R. Hundley (F. R. Kittredge, Leland Snow, P. M. McNally, F. M. Hawpe) 
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C. E. Hutchings (H. F. Dodson, A. E. McKay, R. D. Arnett, J. D. Divelbiss) 

J. H. Jackson, Jr. (R. A. Boulware, C. L. Hart, W. H. Johnson, J. H. Frasher) 
Charles A. Kehoe (Ben F. Rummerfield, Neal Clayton, A. A. Brant, C. B. Reed) 
C. L. Kendrick (C. H. Broussard, C. P. Harkins, R. C. Wilber, R. T. Penny) 

C. R. Krampitz (C. P. Harkins, G. H. Harrington, A. W. Bunsen, N. N. Zirbel) 
Marc Lepetit (Paul Giraud, Claude Aynard, Lucien Beaufort) 

H. A. Lukowitch (C. C. Brooks, L. D. Ervin, A. L. Ballou) 

Orville G. Lundstrom (V. A. Peterson, James M. Wilson, John F. Anderson, A. G. Nance) 
J. B. Mantez (Paul Giraud, Claude Aynard, René Bouchon) 

Russell B. Maurer (Frank E. Ittner, Dale FE. Turner, Jack Martin, N. W. Engel) 
L. K. Monk (E. C. Livingston, C. H. Hightower, E. L. DeLoach, O. C. Clifford) 
J. J. Needham (R. J. Copeland, R. H. Carlyle, A. A. Lee, R. B. Ross) 

Carl C. Palmer (R. R. Thompson, Wm. M. Rust, Jr., D. H. Gardner, D. P. Carlton) 
D. H. Parry (L. R. Lipsett, D. K. McIvor, R. E. Pallat, C. H. Acheson) 

L. A. Peterson (T. S. Green, C. C. Williams, R. D. Arnett, FE. L. Campbell) 

John Rempel (G. C. Agnew, J. B. Murphy, A. P. Crosby) 

1. P. Robertson (O. Koefoed, B. Baars, C. J. Velzeboer, D. M. Balmforth) 
William Roever (Lorenz Shock, H. F. Dodson, F. A. VanMelle, G. W. Postma) 

R. Rousseau (Paul Giraud, Claude Aynard, Lucien Beaufort) 

B. J. Seaman (M. E. Baker, Ted Rozsa, W. N. Rabey) 

G. D. Sindorf (A. A. Hunzicker, B. H. Hinton, K. A. Webb, D. D. Moore) 

Victor W. Smith (H. D. McGrady, V. E. Prestine, Dean Walling, Henry Salvatori) 
W.L. D. Smith (H. J. Kidder, D. V. Bigelow, L. Castelli, K. C. Coulter) 

Luther B. Stevens (O. C. Clifford, J. P. Woods, C. H. Hightower) 

D. J. Studebaker, (B. O. Winkler, N. B. Sauvé, J. I. Walton, R. L. Craig) 

Robert J. Switz (W. W. LaRue, F. M. Hawpe, C. P. Durant, G. W. McCoy) 
Robert W. Teipel (Stefan Von Croy, R. W. Mossman, H. M. Thralls, T. S. Green) 


J. M. Vallet (Paul Giraud, Claude Aynard, Fernand Blondy) 

Harry S. Whitcomb, Jr. (A. A. Hunzicker, Hugh Porter, Jr., T. E. Hobbs, G. G. Vanderdoes) 
Lyle T. White (E. R. Locke, C. C. Zimmerman, M. L. Benke) 

E. N. Wright (J. L. Burns, I. C. Mayfield, J. H. Bush, H. M. Smith) 

Hunter Yarborough (D. P. Carlton, H. G. Patrick, Wm. M. Rust, Jr., C. S. Fleischman) 


APPLICATIONS FOR TRANSFER TO ACTIVE MEMBERSHIP 


Warren A. Alexander (Norman Ricker, A. B. Bryan, Marvin Romberg) 

Nigel A. Anstey (E. J. P. van der Linden, J. E. Hawkins, A. A. Fitch) 

William E. Bonini (George P. Woollard, Sam P. Worden) 

Robert L. Brown (F. F. Reynolds, A. A. Hunzicker, Hugh Porter, Jr., H. C. Smith) 
Duane G. Coppedge (R. K. Carter, G. J. Long, R. D. Terry) 

W. Domzalski (D. T. Germain-Jones, S. Wyrobek, G. Tait) 

J. R. Doty (E. R. Brumbaugh, C. C. Roripaugh, K. S. Cohick) 

John B. Etnyre (R. R. Kittredge, V. A. Peterson, L. O. Seaman) 

Joseph P. Farrell (Harvey F. Cooper, Robert G. Mills, N. J. Bentley-Lewellyn, Kenneth A. Robertson) 
Ray E. Faudry (S. B. Stewart, H. C. Talley, R. F. Bennett) 

B. D. Hunt (M. E. Trostle, Robert Dyk, Pierson Ralph) 

Norbert C. Koetting (C. H. Hightower, Victor J. Blum, S. J., J. T. Murphy, Jr.) 
William A. Knox (Carl Savit, H. Cox, J. M. Desmond) 

B. E. Littlefield, Jr. (Clark E. Allen, N. W. Mann, R. C. Dunlap, Jr.) 

L. Ray Miller (K. A. Robertson, R. G. Mills, E. Schempf) 

R. L. Mitchell (A. A. Hunzicker, J. D. Marr, T. E. DuPont) 

Robert H. Peacock (Frank Ittner, J. E. Stones, H. E. Shell) 
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Lee H. Price (V. L. Jones, Cecil Green, A. E. Storm) 

William J. Priebe (W. A. Wilson, W. D. Baird, G. D. Larson) 

Miles D. Prator, Jr. (John D. Marr, K. A. Webb, R. R. Rosenkrans, C. R. Dodd) 
Theodore J. Pujol (W. D. Cortright, J. A. Kurfess, T. P. Ellsworth) 
John F. Rielly (Cecil H. Green, R. P. Radebaugh, K. M. Proffitt) 
John M. Sharpe (Roy F. Bennett, O. B. Manes, Henry H. Happel, Jr.) 
Dejay J. Shriner (P. P. Schiebl, Jr., C. H. Hill, W. H. Laidlaw) 

C. D. Smith (R. R. Rosenkrans, J. D. Marr, F. F. Reynolds) 

Rodney J. H. Smith (John Carr, Nat H. Prade, Otto Koefoed, S. Prins) 
Herman B. Thomason (L. C. Spencer, J. E. Spencer, F. L. Travis) 
Jesse W. Wright, Jr. (Karl Dyk, M. B. Widess, Norman Domenico) 


TWENTY-SIXTH ANNUAL MEETING 


The 26th Annual Meeting of the Society of Exploration Geophysicists will be held October 29 
through November 1, 1956 at the Roosevelt Hotel, New Orleans, Louisiana. Kenneth R. Wells, Gen- 
eral Chairman, has announced that the program will feature world-wide offshore exploration, and 
arrangements are being made for the “field trip” to include observations of geophysical operations in 
the Gulf of Mexico. 

Under the chairmanship of O. G. Holekamp, the technical program is being assembled by the 
program chairmen of the respective local sections. The new International Room of the Roosevelt 
Hotel provides space for sixty-six commercial exhibit booths, representing an increase of eighteen 
booths. Another feature will be a student interview service being planned by the SEG Student 
Membership Committee. 

In addition to K. R. Wells and O. G. Holekamp, the following committee chairmen have been 
appointed: C. W. Penny, General Vice-Chairman; J. A. Harris, Exhibits; E. H. Shannon, Housing; 
Merrill Smith, Finance; John F. Boyd, Registration and Reception; Neil W. Mann, Arrangements; 
G. A. Burton, Publicity; D. D. Utterback, Entertainment; George Morgan, Field Trip; R. E. Halsey, 
Program Publication; and Mrs. John F. Boyd, Ladies Program. 

Hotel accommodations in New Orleans are expected to be adequate, and a number of rooms have 
been assigned to SEG for this meeting. These rooms will be reserved only for applications submitted 
on the official reservations form which has been mailed to all members in good standing. Because double 
rooms outnumber singles, delegates are requested to share accommodations. Additional reservation 
forms may be obtained from the SEG Business Office. 


AMENDMENTS TO CONSTITUTION AND BYLAWS 
During its annual meeting on October 5, 1955, the Council instructed the Special Committee on 
Constitution and Bylaws to recommend amendments which would provide for the following: 

1. Increase the annual dues as follows: For Active grade, $10.00 per year. For Associate 
grade, $8.50 per year for a period of five years and $10.00 per year thereafter. Dues for Student 
grade would remain $4.50 per year. 

2. Status as standing committees for the Research Committee and the Special Business 
Office Committee. 

3. Election of District Representatives by a larger portion of the membership, providing re- 
presentation on the Council for more members. 


In accordance with these instructions the committee has recommended the following amendments 
to the Constitution: 

Amend Article XII of the Constitution as follows: Change the title from “Districts” to “Repre- 
sentatives-at-Large.”’ 

Cancel the present Sections 1 and 2. 

Add a new Section 1: “The number of Representatives-at-Large shall be specified in the Bylaws 
but shall not be less than three.” 
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Add a new Section 2: “Representatives-at-Large shall be elected from among the Honorary 
Members and Active Members of the Society in good standing for terms stated and in the manner 
prescribed in the Bylaws and shall not be eligible for two consecutive terms.” 

Add a new Section 3: ‘“Representatives-at-Large shall have all the rights and authority of 
District Representatives.” 

The committee has recommended the following amendments to the Bylaws: 

Amend Article VII by adding at the end of the first sentence of Section 2 the words “including 
Representatives-at-Large.” 

Amend Section 5 by adding at the end of the first sentence the words “including District Repre 
sentatives and Representatives-at-Large.” 

In Section 7 after the words “for each officer”’ add the words “and for either the indicated number 
of Representatives-at-Large or of District Representatives from a single local Section.” 

Amend Article VIII by deleting the first sentence of Section 6 and adding at the end of Section 6 
the sentence ‘The Local Section shall nominate in the manner prescribed by its Bylaws of nominating 
section officers, two candidates for each District Representative to be elected and submit their names 
to the President of the Society prior to June 1.” 

Delete the present Section 7 and add a new Section 7: “The number of Representatives-at-Large 
shall be be three. The term of office of a Representative-at-Large shall be two years, except that one 
of the Representatives-at-Large elected in 1957 shall serve a single year.” 

Amend Article IV, Section 2, as follows: Delete ‘or Associate.” Delete “seven dollars and fifty 
cents ($7.50)”’ and substitute “ten dollars ($10).”’ Add ‘“‘The annual dues of an Associate Member of 
the Society shall be eight dollars and fifty cents ($8.50) for a period of five years and ten dollars ($10) 
thereafter, which includes the cost of one subscription to the Society’s journal.” 

Amend Article X of the Bylaws by adding at the end of Section 1: “(o) Standing Committee on 


” 


Research; and (p) Standing Committee on Business Office. 
Add Section 17: “The Standing Committee on Research shall consist of a chairman, appointed 
for one year by the President, and such additional members, appointed by the chairman, as he may 


deem desirable. The committee shall recommend policy with regard to research and shall carry out 
projects to promote research in geophysics.” 

Add Section 18: “The Standing Committee on Business Office shall consist of a chairman, 
appointed for one year by the President, and such additional members, appointed by the chairman, 
as he may deem desirable. The committee shall advise the business manager and shall maintain a 
procedure manual.” 

This publication of proposed amendments to the Constitution is done in accordance with Article 
XVIII of the Constitution as published in Gropnysics, v. 20, n. 4, p. 988 (October, 1955), and 
of proposed amendments to the Bylaws in accordance with Article XVII of the Constitution as pub- 
lished on page 987 in the same issue. 

ANNOUNCEMENTS 
ANNUAL STUDENT ESSAY CONTEST 

The third annual Student Essay Contest has been announced by the Society of Exploration 
Geophysicists. 

The contest, which is held to stimulate interest in the field of exploration geophysics among uni- 
versity students, is open to all undergraduate students currently enrolled in at least one course in 
geophysics. Membership in a student chapter of the SEG is not a prerequisite. 

Three cash prizes will be awarded. First place receives $150; second, $100; third, $50. All winners 
will also receive certificates suitable for framing, and the winning paper may be published in GEo- 
PHYSICS. 

Subjects should be chosen from the field of exploration geophysics or earth physics. Papers 
must represent a worthwhile contribution to the literature of geophysics, and should be the entrants’ 
own work, not a compilation or digest of previously published papers. Subjects might be: a new 
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nstrument, technique, method or theory in geophysics, or a previously undescribed case history. 
There is no restriction to treatment. Papers may be scientific expositions or discussions of economic 
or philosophic aspects of the subject. 

Closing date for entries is October 1, 1956. Winners will be announced at the annual meeting 
of the Society in New Orleans, Louisiana, October 29-November 1, 1956. Entires should be addressed 
to: F. J. Agnich, Student Essay Contest, Geophysical Sercv ieInc., 5900 Lemmon Avenue, Dallas 9, 
Texas. 


DENVER SECTION RECEIVES SLIDE PROJECTOR 
Smiles of pride (and relief) greeted the presentation of a slide projector by SEG to the Denver 
Geophysical Society in appreciation of the fine way in which the Denver Section planned and carried 
out the Twenty-fifth Anniversary Meeting. Robert Dyk, General Chairman of the meeting (left) 
clasps the hand of E. B. Wasson, President of the Denver society, as he makes the presentation. 
Looking on are (left to right) J. E. Thompson, C. E. Riddell, C. C. O’Boyle and Ralph C. Holmer. 


THE MAYHEW SCHOLARSHIP IN GEOPHYSICS 


The scholarship program of the Society of Exploration Geophysicists was inaugurated March 8, 
1956, with the announcement by President R. C. Dunlap, Jr., of the Mayhew Scholarship in Geo- 
physics. Funds for the award were to be granted by the Mayhew Supply Company, Inc., of Dallas, 
Texas. The award of $3,000.00, providing $750.00 per year for four years toward tuition and other 
expenses, will be made annually to the son or daughter of a person engaged in geophysical work and 
employed by a geophysical company, geophysical branch of an oil company, or a contract drilling 
company. Only high school seniors or graduates will be eligible. 


a 
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Announcement of the program was mailed to all SEG members last April. June 1, 1956, was the 
deadline for applications this year. 
CIVIL SERVICE EXAMINATIONS ANNOUNCED 

The United States Civil Service Commission has announced an examination for filling Geophysi- 
cist positions in the Coast and Geodetic Survey of the Department of Commerce, and other Federal] 
agencies in Washington, D. C., and throughout the United States. A few positions may also be filled 
overseas. The salaries range from $4,345 to $11,610 a year. 

Appropriate education and experience are required. For positions paying from $4,345 to $5,440 
a year, education alone may be qualifying. No written test is required. 

Further information and application forms may be obtained at many post offices throughout the 
country, or from the U. S. Civil Service Commission, Washington 25, D. C. Applications will be ac- 
cepted by the Board of U. S. Civil Service Examiners, Coast and Geodetic Survey, Department of 
Commerce, Washington 25, D. C., until further notice. 


SEG BUSINESS OFFICE MOVED TO AAPG BUILDING 


On March 30, 1956, the Business Office of the Society was moved to spacious new quarters on 
the ground floor of the AAPG Building in Tulsa. A total of 1,400 square feet of space was partitioned 
especially to suit the needs of the SEG staff, and a five-year lease has been signed. Up-to-date in 
every respect, the new offices are arranged for the efficiency needed to keep up with the rapid growth 
of the Society. 

The new street address is 107 West Fifteenth Street. The mailing address will remain Box 1536, 
Tulsa 1, Oklahoma. 


PERSONAL ITEMS 


Members of the Society are invited to notify the business manager of any changes in their 
positions or companies for announcement in this section. Members are further invited to check 
with the public relations departments of their companies to assure that the Society is on their 
mailing lists to receive publicity releases. 


Rosert B. Rice has been appointed senior research physicist in the physics section of The Ohio 
Oil Company’s research center under construction in Denver, Colorado. 

Jerry NELSON, of Farmingdale, New York, an Associate Member of SEG, was killed in an air- 
plane crash at Dover, Delaware, Monday, February 20, 1956. 

LEONARD K. BULLER has been named field supervisor for Southern Geophysical Company’s 
Houston office. 

Otis B. Hocker, division manager of The Texas Company’s geophysical division, advises that 
the geophysical operations of the company’s producing department in Texas have merited first place 
in Group II (100 to 499 employes—160,000 or more hours) of the Industrial Safety Contest for 1955, 
sponsored by the Texas Safety Association. 

HELENITA OFFICER Rosay, whose address is 788 Ridgeside Drive, Monrovia, California, advises 
she would like to sell the following issues of Gropuysics: v. 8, no. 1; v. 11, nos. 2, 3, & 4; v. 12, 
NOS. I, 2, 3, 4; V- 13, nos. 2 & 4; v. 18, nos. 1, 2, 3 & 4; and v. 19, nos. 1 & 2. 


A multi-million dollar plan for the future development of the CoLorapo ScHoor OF MINES was 
announced February 17, 1956 when Dr. John W. Vanderwilt, president of the college, told over 150 
Colorado civic, state, and industrial leaders the story of the school’s “Horizon Plan’’ at a special dinner 
held at the University Club. 

Supplementing his talk with a booklet outlining the “Horizon Plan” in detail, President Vander- 
wilt cited goals of over $20,000,000 in capital funds and $450,000 in annual funds to augment state 
support by the school’s centennial year in 1974. 

While paying tribute to the State of Colorado for its backing in the past and expressing con- 
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fidence in continued state support in the future, the Mines president pointed out that supplementary 
non-state funds will be needed if the college is to meet its obligations as the nation’s primary source 
of mineral engineers. 

Included in the “Horizon Plan’’ is $850,000 for a geophysics building. 


Billings Geological Society will hold its Seventh Annual Field Conference August 16-18, 1956, 
in the Big Snowy Mountains area of the Central Montana uplift. Reservation and Pre-registration 
application forms may be secured from C. R. Hammond, Box 1504, Billings, Montana. 


Alberta Society of Petroleum Geologists will hold its Sixth Annual Field Conference August 23-25, 
1950 in the area between Calgary and Banff, centering in the Canmore—Kananaskis region. For 
particulars write to the society at Box 141, Calgary, Alberta, Canada. 


Peter C. BapGtey recently resigned as exploration manager of West Maygill Gas & Oil Ltd., 
Calgary, Alberta, to join the geology faculty at the Colorado School of Mines, Golden. Dr. Badgley 
will continue in an advisory capacity with West Maygill. 


AERO SERVICE CORPORATION of Philadelphia has presented a copy of its fascinating relief map of 
the United States to the SEG. This plastic map measures 64 inches by 40 inches, is self-framed and 
lithographed in eleven colors. It is a useful and attractive addition to the new quarters of the Business 
Office on the ground floor of the AAPG Building in Tulsa. 


L. L. HamMriat has resigned as review geophysicist for Houston Oil Company to join the staff of 
PAUL FARREN, geophysical consultant. The consulting firm occupies new offices in the Bank of the 
Southwest, Houston, Texas. 


James E. Berry and WarrEN G. Hicks, members of the Magnolia Petroleum Company’s Field 
Research Laboratories, have been promoted to Senior Research Technologists. Mr. Berry, a research 
geophysicist, is a project leader engaged in research on problems of interpretation of logging methods. 
Mr. Hicks is a research engineer whose present assignment is a study of the application and evalua- 
tion of continuous velocity logging in exploration and production problems. 


Jack L. Maraya has been named district geophysicist at Stanolind Oil and Gas Company’s dis- 
trict office at Tyler, Texas. He will supervise geophysical activities of Stanolind’s East Texas and 
Abilene districts. Prior to his promotion, he was a staff geophysicist in Tyler. 
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CALENDAR OF MEETINGS 


1950 
September 
5-13 Theoretical and Applied Mechanics, 9th International Congress, [UTAM, Brussels, Bel- 
gium. (H. L. Dryden, 1512 H Street, N.W., Washington 25, D. C.) 
17-21 International Congress on Theoretical Physics, IUPAP, University of Washington, Seattle. 
(J. H. Manley, University of Washington, Seattle, Washington) 
October 
1- 3. National Electronics Conference, Hotel Sherman, Chicago, Illinois 
18-20 Optical Society of America, Lake Placid Club, Essex County, New York (S. S. Ballard, 
Scripps Institute of Oceanography, San Diego 25, California) 
28- 1 Society of Exploration Geophysicists, 26th Annual Meeting, Roosevelt Hotel, New Or 
leans, Louisiana (Colin C. Campbell, Box 1536, Tulsa, Oklahoma) 


November 


12-15 American Petroleum Institute, 36th Annual Meeting, Conrad Hilton Hotel, Chicago, IIli- 
nois 
15-17 Acoustical Society of America, Los Angeles, California (W. Waterfall, 57 E. 55th Street, 
New York 22, New York) 
23-24 American Physical Society, Chicago, Illinois (K. K. Darrow, Columbia University, New 
York 27, New York) 
1957 
February 
24-28 AIME Annual Meeting, Roosevelt Hotel, New Orleans, Louisiana 
April 
1~ 4 American Association of Petroleum Geologists 42nd Annual Meeting—and Society of Eco 
nomic Paleontologists and Mineralogists 31st Annual Meeting, Kiel Auditorium and Jef- 
ferson Hotel, St. Louis, Missouri (E. W. Ellsworth, Box 979, Tulsa, Oklahoma) 
November 
10-15 Society of Exploration Geophysicists 27th Annual Meeting, Statler-Hilton Hotel, Dallas, 
Texas (Colin C. Campbell, Box 1536, Tulsa, Oklahoma) 
July 1, 1957 to December 31, 1958 


International Geophysical Year. (Worldwide) vide Gropnysics, v. 21, p. 257-259. and v- 
21, p. 681-690. 
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Consulting Geophysicist 
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Consulting Geophysicist 
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Aero Service Corp. 
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Gravity-Meter-Surveys 
Interpretations 


5300 Brownway Rd. Houston 19, Texas 


JOHN W. BYERS 
States Exploration Company 
Seismic, Gravity and Magnetic Surveys 


P. O. Box 845 
SHERMAN, TEXAS 


709 M. & M. Building 
HOUSTON, TEXAS 


JOHN F. ANDERSON 


ANDERSON & COOKE 
Oil Exploration Consultants 
Geological Consulting 
Seismic Surveys & Interpretations 


665 San Jacinto Bldg. Houston 2, Texas 


R. A. CRAIN 
Texas Seismograph Company 
Panhandle Building 
WICHITA FALLS, TEXAS 


Please mention GEopHysiIcs when answering advertisers 


GEOPHYSICS, TULY, 1956 


21 


— 
= 
— 
| 
i 
|_| 


GEOPHYSICS, JULY, 1956 


TEXAS 


TEXAS 


PAUL D. CRAWFORD 
Askania Magnetometer 


T. I. HARKINS 
Independent Exploration Company 


Surveys 1973 West Gray 

P.O. Box 13237 
1421 Milam Bldg. San Antonio, Texas Houston 19, Texas 
R. H. DANA J. G. HARRELL 


Dana Explorations, Inc. 


1301 W. T. Waggoner Bldg. 


Mid-Continent Geophysical Co. 
Contract Seismograph Crews 
Seismic-Reinterpretations 


Fort Worth, Texas 2309 West Berry Fort Worth, Texas 
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Data Review 


411 Sixth Ave. W. Calgary, Alberta 


THEODORE KOULOMZINE 
Geologist & Geophysicist 
Koulomzine, Geoffroy & Co. 
P. O. Box 870 
VAL D'OR Qué. Canada. 


LUNDBERG EXPLORATIONS 
LIMITED 


Consulting Geologists and 
Geophysicists 
Radiation, Electrical & 
Magnetic Surveys 


96 Eglinton Avenue E. 
Toronto 12, Canada 


DR. W. F. STACKLER 
Consulting Geophysicist 
Phone 447303 


1937 25th Avenue S.W, 
CALGARY, ALBERTA 
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of the 

UNITED 


STATES 


64” x 40”—11 colors 


—durable Vinylite 


See and feel the mountains, valleys, molded in sturdy plastic. Realistic 
3-dimensional effect. Lithographed in 11 blending colors. Shows over 2,000 
cities, 600 rivers, 300 national parks and monuments, many lakes, mountain 
ranges and peaks. 64 x 40 in. Scale 1”=50 miles. Self framed, hangs easily 
anywhere. Weighs only 214 lbs. Striking, unusual map for office, library or 
board room. May be marked on, then wiped off. Price, $45, f.o.b. Phila. 
Money back guarantee. Write for information on AERO maps of Canada, 
Europe, South America and the World. 


AERO SERVICE CORPORATION - Dept. s-22, Philadelphia 20, Pa. 
Worldwide Aerial Mapping Company 


JOURNAL OF APPLIED PHYSICS 


This is a monthly journal designed particularly for those applying physics 
in industry and in other sciences. It publishes reviews of recent progress in 


applied physics, original research papers, news, and advertisements. 


U.S. Poss. : 

Subscription Price and Canada __—“ Foreign 
To members of American Institute of Physics ......$10.00 $11.00 
12.00 14.00 


Single copies—$1.50 
Address 


AMERICAN INSTITUTE OF PHYSICS 


57 East 55 Street 


New York 22, N.Y. 
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DEPENDABLE, EXPERIENCED 


Let us help solve | /\ | 
your drilling 
problems 


Phone 
ADams 4-6754 


Enid, Oklahoma 


CALDWELL 


ENID, OKLAHOMA, U.S.A. 
AL BRAITHWAITE WALTER T. CALDWELL 


SEISMOGRAM 
LIBRARY 


A CENTRAL LIBRARY TO 
FACILITATE THE 
EXCHANGE OF 

SEISMOGRAPH RECORDS 


For information regarding library 
contact: 


Seismogram Library 
Corporation 
2000 Republic National Bank 
Building 
Dallas 1, Texas 
RAndolph 8677 


Just issued 


FIFTIETH ANNIVERSARY 
Economic Geology 
1905-1955 


(in two parts) 


This publication will comprise some 24 review papers 
by specialists in their flelds, on wide phases of eco- 
nomic geology, including ore deposits and ore genesis, 
sedimentary deposits of rare metals, uranium deposi- 
tion, coal petrology, time of oil and gas accumula- 
tion, oxidation of copper sulphides and secondary sul- 
phide enrichment, pegmatite deposits, carbonate 
mineralogy of limestones and dolomites, engineering 
geology, influence of geological factors on the engi- 
neering properties of sediments, geochemistry and 
geophysics in prospecting, hydrothermal deposits, 
metallogenetic epochs and provinces, mineral synthesis, 
geologic thermometry, developments in clay min- 
eralogy and technology, temperature in and near in- 
trusions, and other important topics of interest to 
the professions of geology, mining and engineering. 
All of the authors are specialists in their fleld, and 
will present a critical and stimulating review of the 
literature. 


Price to Subscribers (including members, non- 
member Journal subscribers, and students 
whether subscribers Or nOt) $6.00 

Price to Non-Subscribers to Journal ........+«++ 8.00 


Order from: Economie Geology Publishing 
Company 
105 Natural Resources Building 
Urbana, Illinois 
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ELECTRONIC 
HEADQUARTERS 


@ Harrison is a major supplier 
| of electronic component parts 
| for laboratory and field use of 
| 


companies engaged in 


arrison 


MAIN OFFICES: 1422 SAN JACINTO, HOUSTON 


Phone CApitol 8-6315 
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Nature has equipped the frog to survive 
equally well on dry land or in the water. 
Experience and the right equipment give 
Advanced Exploration crews the ability to 
work with equal efficiency on land or | - 
marine locations. When you need accurate, 
dependable geological information, 


whatever your location, 


let Advanced handle your surveys. 


L. M. Poindexter F. R. Wallace H. J. Fenton H. L. Heggy 


ADVANCED EXPLORATION COMPANY 


3732 WESTHEIMER a HOUSTON, TEXAS 
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Petroleum Geology of Southern Oklahoma 
A Symposium sponsored by the Ardmore Geological Society 


Published by the Association 
1956 


CONTENTS 
Foreword. By Editorial Committee 
Surface Criteria of Southern Oklahoma Oil Fields. By Frank Gouin 


Résumé of the Geology of the Wichita Mountains, Oklahoma. By G. W. Chase, 
E. A. Frederickson, and W. E. Ham 

Upper Mississippian and Lower Pennsylvanian Formations of South-Central 
Oklahoma. By Maxim K. Elias 

The Harrisburg Trough. By Bruce H. Harlton 

Southwest Lone Grove Field. By J. M. Westheimer and F. P. Schweers 

Hewitt Field. By Walter Lacy Mullen 

West Hewitt Field. By Walter Neustadt, Jr. 

Camp Field. By Everett C. Parker 

Tussy Sector of the Tatums Field. By John L. Hoard 

North Wildcat Jim Field. By Keith F. Walker 

West Velma Field. By Bruce H. Harlton 

Santa Fe Field. By R. L. Beasley 

Southwest Velma Field. By I. Curtis Hicks 

Velma Field. By Richard B. Rutledge 

North Alma Field. By Glen C. Norville 

Sholom Alechem Field. By H. R. Billingsley 

Southwest Randlett Field. By D. Cipriani, Jr. 

West Duncan Field. By D. M. Putman 

Carter-Knox Field. By Harold J. Reedy and Robert M. Becker 

Pauls Valley Field. By I. Curtis Hicks 

Oil Fields of the Central Muenster-Waurika Arch. By William McBee, Jr., and 
Leslie G. Vaughan 

Aylesworth Field. By Jerry L. Womack 

The Goddard Formation. By Jerome M. Westheimer 


24 articles. 402 pages. Index. Cloth. To members $5.00. Non-members $6.00 


NOW AVAILABLE 


The American Association of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 
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That's the most important question in the oil 


industry. For twenty years, General Geophysical 
Company has been putting the percentage 
for successful exploration in the favor 


of their customers. 


Today General has the experienced 
crews, the most modern geophysical equipment 
(completely portable) and the 

recognized ability to locate conditions 


favorable for finding new oil reserves — 


ANYWHERE IN THE WORLD. 


GEOPHYSICAL COMPANY 
CLUB BUILDING + HOUSTON, TEXAS 
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@ TURNKEY OPERATION — includes 
trailers, personnel and supplies. 


for your field crew. Kitchen trailers, diners, . a goons 0 built for use in for- 


offices, sleepers, power plants 
P @ Trailer camps moved to new loca- 
water tank and gasoline trailers. Pree 


ELDER TRAILER and BODY, INC. 4453! 


THE GEOPHYSICAL SOCIETY OF TULSA 


announces the new publication of 


THE PROCEEDINGS OF THE GEOPHYSICAL SOCIETY OF TULSA 
Vol. 2. Co-operation of Geology & Geophysics 


In addition to reporting on the activities of the society for the 1953-1954 period, this volume, 
like its predecessor, contains a number of original papers of interest to all geophysicists. 
In this case they are concerned with examples of geological and geophysical co-operation, 
successful in petroleum exploration. 


There are still undistributed a small pies of 


Vol. I. Joseph A. Sharpe Memorial 


The original papers in this first volume are concerned with the magnetic susceptibility 
and density of rocks. A wealth of experimental data is presented. 


PRICE OF EITHER VOLUME $2.00 (INCLUDES POSTAGE) 
Address: 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
Box 1536, Tulsa 1, Oklahoma 
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F COAST AREA 


Mayhew serves you in active areas / 


Wherever you go... from the Canadian continuous operation. Thirty-two years of 


muskeg to the Gulf Coast area... May- experience are built into each piece of 

hew Supply Stores are at your service. Mayhew’s geophysical equipment... 

All of these stores carry Mayhew replace- __ this is the reason that wherever you go, 

ment parts for drilling units and complete SS. 

operating supplies... your assurance of you get the most with a Mayhew! 
HOME OFFICE 


DALLAS MAYHEW SUPPLY €OQ. INc. 


4700 SCYENE ROAD © DALLAS, TEXAS 


SALES AND} CASPER, WYOMING e TULSA, OKLAHOMA e SIDNEY, MON- 
ene TANA ¢ LUBBOCK, TEXAS e GRAND JUNCTION, COLORADO 

Ics GALLUP, NEW MEXICO @ EXPLORATION EQUIPMENT CO., 
INC., HOUSTON, TEXAS 


CANADA SEISMIC SERVICE SUPPLY, LTD., CALGARY AND EDMONTON, 
ALBERTA 


EXPORT IDECO — HEADQUARTERS: DALLAS, TEXAS, P. O. BOX 1331 
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proof-positive of 


PURCHASE ORDER _ 


world-wide | GRIFFIN ATE: 


PURCHASE ORDER 


BYP = 


HENBURAS. 


leadership and service! 


4 


PURCHASE ORDER 


S:-AHER = 


HE 1000 cal. Rectangular Tank Truck. Available 
in all tank capacities. Custom built for maximum 
carrying load. 


Griffin custom-builds geophysical equipment for 
use in every corner of the world. Every unit built by 
Griffin is backed by eighteen years of experience and 
research. Griffin engineers are at your service to develop 
equipment for specialized application. This consulta- 
tion-engineering service, plus custom manufacturing is a 
your guarantee of the finest geophysical equipment. - 


Vacuum Unit. This exclu- 
sive Griffin unit eliminates 
need for pump in filli 

a water tank. Demand 
the world over by other 
manufacturers of similar 
equipment. 


Shooting Truck and Hole 
Loading Machine. Custom 
built with 1200 Ib. power 
capacity. 650’ x wire 
line capacity, power 
driven drum for loading 
deep, tough holes. 


All supplies shipped promptly. e Write for new catalog today! 


TANK AND W ER 
\ 3031 ELM STREET e PHONE RI er le 6811 © DALLAS 1, TEXAS 


| 

| 

Loading Machines Skid Mounted Tanks American Wire Rope Fire Extinguishers 
| Recording Truck Bodies Portable Tool Houses Water Cans First Aid Kits 
Cobinets and Benes | Quick Opening Tank Valves Truck Beds Loading 
Diverints | Suction Hose and Footsereems, Clearance Lights Shearing and Forming Steel 

| 
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SES 


A COMPLETE i 

GEOPHYSICAL 
SERVICE 
TIDELANDS EXPLORATION co. | 
TIDELANDS GEOPHYSICAL CO., INC. 
2626 WESTHEIMER HOUSTON, TEXAS JA 9-3781 is 
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EUROPEAN ASSOCIATION 


OF 


EXPLORATION GEOPHYSICISTS 


The E.A.E.G. was founded in December 1951 


The aims of the Association are to promote the science of exploration geophysics by 
establishing contacts and encouraging co-operation and fellowship between geo- 
physicists in Europe and elsewhere and by disseminating knowledge of the science 
through the agency of regular meetings and the publication of technical papers. 


MEMBERSHIP 


Active Members pay an annual membership fee of Neth. fls. 15.—, increased by 
Neth. fis. 0.50 collecting charges. In U.S. currency this charge amounts to $4.10. 


Prospective Members. Anybody interested in geophysics can apply for membership 
by sending in an Application Form, duly filled out. Forms will gladly be supplied 
by the Secretary-Treasurer of the E.A.E.G. but may also be obtained through the 
kind assistance of the Business Manager of the S.E.G. 


GEOPHYSICAL PROSPECTING 


Official Journal of the European Association of 
Exploration Geophysicists 


This journal is issued quarterly and contains articles written in English, French or 
German. English, however, is predominant and each article is preceded by an abstract 
in that language. 

Active members receive the journal free of charge. 

The Subscription Rate for non-members is Neth. fls. 22.—(U.S. $5.80) per annum. 
Single copies are available at Neth. fils. 6.—(U.S. $1.60). These rates include pack- 
ing and postage and are payable in advance. 

In accordance with the Terms of Affiliation with the Society of Exploration 
Geophysicists, members of that Society may enter a current subscription to the 
journal for the normal membership fee. 

With the exception of the March 1953 issue (Vol. I, No. 1), which is out of print, 
a limited quantity of previous issues is still available at N.Fls. 22—(U.S. $5.80) 
per volume or N.Fls. 6.—(U.S. $1.60) per single copy. 


Advertising rates will be sent upon request. 


All communications fo be directed to: 


THE SECRETARY-TREASURER E.A.E.G. 
30,C. VANBYLANDTLAAN THEHAGUE NETHERLANDS 
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FULL AND 
HALF CABS 


KOENIG ALL-STEEL CABS HAVE THESE SUPERIOR FEATURES: 


Protection—Complete protec- Comfort—Full panel-board 
tion in all kinds of weather head lining and masonite door 
. valuable cargo protected lini ‘brati 
by locks. ining ... no vibration. 


Safety—aAll-steel, welded con- Convenience—Roll-down win- 


struction. No rivets ... safety dows, full opening. 
glass throughout. 


King Winch on R-140 and R-160 International P.T.0.-driven King Winch on Willys Jeep * 


KING WINCHES FOR KING-SIZE PULLING JOBS 


For all Willys Jeeps, trucks and 4x4 station wag- 
ons ... also for Ford, Chevrolet, International and 
Dodge trucks. 


King Winches keep you moving through the most 
difficult terrain . . . you get action where there’s no 
traction with dependable pulling power. King power 
winches have pulling capacities of 8,000 to 19,000 Ibs. 


*POWER - TAKE - OFF - DRIVEN KING 
WINCH MODELS 130J and 131J for 
CJ-3B and older-model Jeeps, can be trans- 
ferred to CJ-5 and CJ-6 
Jeeps—NOTHING EX- 
TRA NEEDED. 


Koenig Jeep cabs and King Winches for 
Willys vehicles are available through 
Willys Motors, Inc., and Willys-Over- 
land Export Corp. distributors or deal- 
ers. Write for free descriptive literature. 


IRON WORKS, Inc. 


2214 Washington Ave. Houston, Texas 
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COMMANDER ROBERT E. PEARY 
DISCOVERS THE NORTH POLE APRIL 9, 1909 


especially 


OIL EXPLORATION! 


Paths of the explorer’s dog team have 

been replaced by the tracks of the snowmobile. 

Covering in a few short weeks areas that would require weary 

months on foot, Western crews and equipment push back the oil frontiers 
of the North... keep ahead of the bit with the most advanced 
geophysical surveys available today. 

Whether your requirements are for land or water exploration, Western 
Crews know no season ... are ready with men and equipment 

to reach your oil frontier wherever it may be. 

Your inquiry is invited. 


GEOPHY! ICAL COMPANY GEOPHYSICAL COMPANY GEOPHYSICAL 
INTERNATIONAL OF AMERICA OF CANADA, LTD. 


523 West Sixth Street, Los Angetes 14, Califernia 
MILAN SHREVEPORT~ MIDLAND CASPER PANAMA CITY CALGARY 


COMPA 
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igh (\sesolution 


use the HTL portable 


seismic system to: 


@ establish near-surface 
velocity control 


@ obtain near-surface 
structural data 


@ supplement core-hole 
information 


here’s a new record for 
near-surface seismic data 


If you're plagued with the problem of 
obtaining accurate near-surface seismic data, 
look carefully at the record illustrated here. 
With first breaks under control in 20 
milliseconds, a reliable reflection was 
obtained at a depth of 232 feet. This record 
is typical of the results obtained by the 

new Houston Technical Laboratories High 
Resolution Seismic System. A major 
development in geophysical prospecting, 

the HTL portable HR System now makes 
possible reliable reflection surveys over 

a depth range of 100-2500 feet. It is 
especially designed for use in petroleum 
exploration, mining, ground water 

location, and civil engineering where shallow 
seismic information is vital. 


WRITE for Technical Bulletin No. $-303 
for additional information about 

how you can now make reliable shallow 
reflection surveys. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
2424 BRANARD «¢ HOUSTON 6 TEXAS, U.S.A. ¢ CABLE: HOULAB 
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first truly 


RECTILINEAR 


GALVANOMETRIC 
RECORDER 


READ WITH 
A RULER... 


the exclusive recti/rite trigonometric 

linkage inscribes the true signal form on a 

standard rectilinear chart. You have frontal access 

for all controls and making chart notations ... + 1% 
accuracy over full 4!/2-inch scale; sensitivity—0.45-inch/100 
microamperes; pen speed at a quarter-second over full 4'2-inch 
deflection. Use ac or dc drive, spring drive, or external drive 
... with 10 optional chart speeds. 


For complete information on the 
modern and versatile recti/riter — write for 
Bulletin R-501. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
3701 BUFFALO SPEEDWAY + HOUSTON 6. TEXAS + CABLE: HOULAB 
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REFRACTION 
REFLECTION 
HIGH FREQUENCY 


with ONE seismic instrument 


G-55 Full Spectrum 


SEISMOGRAPH SYSTEM 


SIE GA-33 Geophysical Amplifiers installed in an SIE G Series Seismo- 
graph System result in the widest range of recording applications ever offered 
the geophysical industry. In this small package are combined facilities for 
recording Refraction, Reflection, and High-Frequency seismic records ... 
allowing the petroleum geophysicist to cover the entire seismic spectrum 
from 4 to 600 cycles-per-second with just one instrument. 


Since the G-33 replaces three separate systems, it cuts instrumentation 
costs in half! In addition, SIE G-22A Seismograph Systems can be converted 
to Full-Spectrum operation simply by substituting plug-in GA-33 amplifiers and 
exchanging galvanometers . . . another example of SIE design forethought that 
lowers equipment costs for the industry's leading geophysical organizations. 


Although SIE G-33 equipment exceeds any 
other seismograph in its capabilities and range 
of applications, it occupies only half the space 
required by many conventional single purpose 

ESSENTIAL : hd The GA-33 Geophysical Ampli- 

TO A COMPLETE instruments. With adaptability to every seismic fier features Full-Spectrum filtering, 


GEOPHYSICAL exploration method, outstanding operating flexi- variable AGC time-constants, and 
extremely low distortion (less than 


PROGRAM bility, and maximum field utility in terms of size 1%). Its wide range is especially 
and weight, the G-33 Full-Spectrum Seismograph useful in — recording appli- 
System meets every requirement of modern ex- cations, while plug-in construction 


permits simple installation and easy 
ploration programs. maintenance. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


| 
pas 
ws 
221 - 55 
HOUSTON 18, TEXAS 


The impact of magnetically recorded wide-band 
seismic information has been met at SIE by the 
most intensive research and development program 
in the company’s history. Co-operating with geo- 
physicists and engineers active in every phase of 
petroleum and electronic instrumentation, SIE has 
evolved the MR series of magnetic recorders 
together with auxiliary equipment and two new 
wide-band seismograph systems, the G-22A, and 
G-33. In addition, custom designed magnetic re- 
cording equipment has been produced to meet 
special requirements of several large geophysical 
organizations. 

In magnetic recording instrumentation as in 
conventional seismograph manufacture SIE equip- 
ment continues to set, 


The Stamciand, of; the Industry 


MR-5 MAGNETIC RECORDER 


. . . Can be used for more complex field recording, 
and is especially useful in laboratory analysis. 
Twin tape transport and individual head positioning 
controls allow recordings to be composited for noise 
integration and other interpretation techniques. 


PMR-6 PORTABLE 
MAGNETIC RECORDER 


. . . can be used in areas completely inaccessible 
to vehicle mounted systems. Weighing only 43 
pounds, the PMR-6 uses the same recording tape 
as the MR-4 and MR-5 and is easily carried by 
one man. 


MR-4 MAGNETIC RECORDER 


... features outstanding versatility and reliability 
Signal-to-noise ratio in excess of 60 db, wide fre- 
quency range, and extremely low distortion suit the 
MR-4 for every field recording application 
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—_— a MAGNETIC RECORDING SYSTEMS 
a 
® 
ae 
a 
; 
bie 
| 
> | 
| 
| 
+600 


aad LABORATORY ANALYSIS SYSTEMS 


SIE auxiliary equipment for magnetic recording 
includes specially designed units and modifications 
for various field and laboratory techniques. Direct 
viewing equipment which allows records to be 
examined in the field with MR-4 and MR-5 Record- 
ers, is one example. Recorders are available with 
or without frequency modulation equipment; the 
noise reducing SIE Length-Time Servo System; and 
moveable recording heads, thus permitting the 
selection of a system tailor made for every appli- 
cation at lower cost. 

In the laboratory, the SIE Normal Move-Out 
Remover is one example of the specialized analysis 
equipment available. Development and research on 
other magnetic recording devices is a continuous 
process at SIE. When planning any phase of a 
wide-band instrumentation program, be sure to call 
for information on the latest SIE developments. 


MODULATOR — DEMODULATORS 


. for frequency modulation recording are 
housed in two cases for vehicle installation. Using 
the SIE Slope Modulator which provides an ex- 
tremely high deviation ratio, the Units feature very 
low distortion—less than 1%. 


MO MULTI-CHANNEL OSCILLOSCOPE 


. allows laboratory presentation of an entire 
magnetic recording. Twenty-four channels are por- 
trayed with timing lines, thus permitting records 
to be examined rapidly during interpretation and 
when compositing and filtering. 
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FREQUENCY RESPONSE: Within 3 db from 10 
to 500 cps. Filtering as specified. 


LOW DISTORTION: Less than 1% from 10 
to 500 cps at 0.1 volt input. 


AGC CONTROL RANGE: 0.5 microvolt to 0.1 
volt input. (Three time-constants se- 
lected from front panel.) 


GAIN CONTROL CIRCUITS: AGC, Expander, or 
simultaneous AGC-Expander operation. 


RECORD PRESENTATION: Single record. Dual 
output. Dual record. 


@ First-Arrivals Unfiltered. 


@ Individual Channel Paralleling and Test- 
ing Switches. 


3 Simplified Controls. 


1 Operations 


Features essential to high-speed 
operation — available only on special 
order in many systems — are standard 
equipment in the G-22A. 


New circuitry provides unmatched 
performance with all recording meth- 
ods while simplifying matching and 
operating procedures. 


AGC Time-Constants, mixing 
method and percentage, and type of 
record presentation can be selected 
from the front panel. Two attenuation 
rates on both high and low cut 
filters provide hundreds of filtering 
combinations. 


From the new self-biased AGC cir- 
cuit to the simplified control panel, 
the G-22A’s “field engineered” design 
combines practical operation with 


high flexibility. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 


2831 Post Oak Rd. 
P.O. Box 13058 
Houston 19, Texas 
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GEOGRAPH 


..-for accurate, economical 
seismic exploration 


New dependable techniques, combining the 


use of an integrating recorder with the shock wave 
echoes caused by McCollum’s exclusive falling 

weight system, give the clearest, most accurate pictures 
available in seismic explorations. You can obtain 
accurate pictures faster, safer, easier 
at lower cost than was ever possible before 
by specifying GEOGRAPH, McCollum’s 
exclusive falling weight system. 


1025 S. Shepherd Drive, JAckson 8-5427, Houston, Texas 
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BIG SIZE 
SAVINGS 


SMALL SIZE PUMPS! 


For the fluid end of your small size 
geophysical pumps, here’s a quick line-up 
of MacClatchie replacement parts engi- 
neered to give you maximum dependable 
service under the tough conditions of ex- 
ploration work... 


MacClatchie Type “GS” Pump Piston 
—for general field serv- 
, ice in all makes and sizes 
of pumps and for all rod 
tapers. Lip design of rub- 
bers allows expansion 
under fluid pressure, in- 
suring leak-proof operation. Piston easily 
renewed by replacing worn rubbers, using 
end plates and center spool over again. 


MacClatchie Type “FR’ Pump Piston— 
A one-piece piston with no metal to touch 
the liner bore . . . no end plates . . . no lock 
rings . . . no separate body. The best piston 
available at an economy price—made in 
most popular sizes and rod tapers. 


MacClatchie Type “GS” Wing Guide 
Valve—Engineered with 
full opening value seat to 
permit free flow of cut- 
tings, heavy slurries and 
foreign material without 
sticking. Easily disas- 

sembled to replace worn 
insert by removing single cap screw. 


MacCLATCHIE MANUFACTURING COMPANY 


A Subsidiary of Grant Oil Tool Co. 
MAIN OFFICE & PLANT: COMPTON, CALIFORNIA 


MacClatchie Geo-Mac Valve—for Geophys- 
ical Service—This all new 
Geo-Mac Valve has no in- 
serts to replace, no snap 
rings or lock plates—just a 
pressure ov which you at- 
tach to the valve heily with 
a nut and bolt. The spe- 
cial hardened pressure plate 
takes no wear, therefore 
lasts indefinitely. Made of 
revolutionary new “Permac” rubber com- 
pound, the Geo-Mac withstands the tough- 
est geophysical service and is giving un- 
paralleled performance. 


MacClatchie Liners and Rods— 


MacClatchie one-piece hardened and 
honed liners are made from steel forgings, 
scientifically heat treated and mirror- 
honed. O.D. is machined for perfect fit. 
Chrome plated liners also available. 
MacClatchie Rods are made in all API 
and manufacturer’s tapers of carburized 
and hardened alloy steel, ground to a 
smooth finish to prevent scoring and cor- 
rosion. Also available chrome plated. 
Furnished complete with rod and jam nut. 


Write for Descriptive Literature 
and Specifications 
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MMA 


SURVEYS 
REPORTS 
REVIEWS 


PHONE POrter 2-1551 ® BOX1617 @ LUBBOCK, TEXAS 


Please mention GeopHysics when answering advertisers 
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4055 REDWOOD AVENUE - VENICE, CALIFORNIA 
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GEOPHYSICAL COMPANY 
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Results 


with 


*& Premium personnel 

* Latest type instruments 
* Newest techniques 

* Intensive supervision 
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PAUL H. LEDYARD ie 
J. G. HARRELL 


2509 WEST BERRY 
FORT WORTH 
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INSTRUMENTS 


Set the highest 
standards in 
surveying tools. 


* 

MORE 
ACCURACY 
ECONOMY 
SPEED 


World Famous For 
¢ Fast, Effortless Operation 
¢ Functional Design, Portability, 


Rugged Construction 
¢ Better Results in Less Time 


KERN NK35 PRECISE LEVEL 


Designed for high precision leveling. The latest technical 
advances engineered into a down-to-fundamentals instrument... 
weighs only 41/2 lbs. (8 lbs. with carrying case). 
¢ READINGS AT A GLANCE... direct readings with coincidence 
level and fine tilt screw. Level and rod are observed at the same 
time with 30X telescope. 
e ACCURACY + .008 ft. per mile under normal conditions. 
For Detailed In- e 50% INCREASE in brilliance of image and greater contrast 
formation Request through Kern AR coating of optical system. 
Booklet NK 527-9 


ST #+ PROMPT, RELIABLE SERVICE 
The FINEST in 33 

SURVEYING =! FACTORY TRAINED PERSONNEL 
EQUIPMENT 


120 GRAND STREET 
WHITE PLAINS. NEW YORK 
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WAKE UP, MARGE ! OUR 
FOUR MILLION YEAR SIESTA 
IS OVER. THAT ROGERS 
CREW UP THERE HAS GONE 
AND FOUND US. 


o.K., HET, | KNEW THIS WAS 
GOING TO HAPPEN WITH THEM ON 

ON THE JOB. WITH THEIR WORLD- 
WIDE EXPERIENCE AND UP TO DATE 
KNOWHOW A FOSSIL HAS ABOUT AS 
MUCH PRIVACY AS A GOLDFISH. 


3616 WEST ALABAMA * HOUSTON, TEXAS 


Edificio Republica © Mogadiscio 34 Ave. des Champs Elysees 
Caracas, Venezuela Italian Somaliland Paris, France 


GCOPHYSICA 
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DOUBLE-BARRELED 


All Purpose Seismograph 


RS-8U 
Recording Oscillograph 


... for shooting the entire seismic spectrum with a flip of “‘triggers’’! 


Now, with one seismic system (instead of 
three), Houston Technical Laboratories 
makes it possible for you to exploit every 
seismic method to the fullest extent. 
The versatile 7000 B “All Purpose” 
Seismograph places the entire seismic 
spectrum (5-500 cps) at your fingertips 
... High Resolution Reflection Recording, 
Conventional Reflection Recording, and 
Very Low Frequency Refraction Record- 
ing. Three AGC speeds and 2975 useful 
filter combinations assure you of optimum 
instrumental control of every recording 
technique. The equally adaptable RS-8U 


Recording Oscillograph permits instan- 
taneous change of paper speeds for the 
three seismic recording methods, while 
maintaining the highest recording accu- 
racy and photographic quality. 

Available in portable as well as console 
units, the 7000 B and RS-8U fulfill every 
exacting requirement for direct seismic 
recording. Further, their operational lati- 
tude makes these units perfect for use in 
magnetic operations—either field recorder 
and playback system, or in an office 
analysis system. 


Write for respective bulletins— 
S-309 for the 7000 B, and S-313 for the RS-8U. 


AT 


3701 BUFFALO SPEEDWAY 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
HOUSTON 6. TEXAS «+ 


* 
at system 


*Trademark application applied for. 


CABLE: HOULAB 
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Here's one reason 
VECTOR CABLES 

are the strongest link 
in the chain of 
‘seismic operations 


CONTINUOUS LOOP TAKEOUT CONSTRUCTION 


Manufactured to Meet the Demands of Seismic Exploration 


Vector Preformed Continuous Loop Takeouts help distribute strain 
along the entire length of the cable. 


Pressure clamp secured contacts eliminate brittle solder-soaked leads 
and simplify maintenance. 


To maintain production and reduce lost time, insist that your cables 
have Preformed Continuous Loop Takeouts. 


5616 LAWNDALE HOUSTON 23, TEXAS 


PANY 


* 
| 
} 
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Every conductor inthis new 
Rubber J acketed Portable cable e> 


Tough rubber jacket maintains 


its flexibility at 60° below zero. 


Silicone-treated conductors min- 


imize leakage and cross feed. 


Small diameter and light weight 


for breast reel operation. 


Manufactured To Meet The Demands 
Of Seismic Exploration 


MANUFACTURING COMPANY 


5616 LAWNDALE AVE. ¢ HOUSTON 23, TEXAS 


” 
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yo When you want to reach 


Ws 
OUT THERE... 


When the tough jobs come along — 


heavy cement sheaths, dense limes, 
hard tight sands, acidizing and for- 
mation fracturing jobs — this power- 


ful perforator takes them in stride. aN 


Its power drives bullets deep into the s 
formation, creating optimum drain- : 
age channels to bring in the oil. And 


the E-Gun’s formation fracturing 

power is proved by the lower break- is the bullet perforator di 
down pressures required when ac- that does it! 

idizing or frac jobs follow E-Gun J 8 1b! 

perforating. 

And with this extra power, remem- 

ber, you get all the other extras of tests prove its tremendous penetration! 
Lane-Wells perforating: 

SELECTIVE FIRING to let you place the 

shots in any density your conditions 

require. 

DEPTH MEASURE ACCURACY with 


Lane-Wells famous depth measuring 


system. 
MAXIMUM SAFETY for well and crews Jomowwows /, 


with Lane-Wells proved “Safety- 
Method” procedures. 

PLUS on-the-dot service by trained 
crews from a nearby Lane-Wells 
branch to cut your down-time to the 
absolute minimum! 


Write for complete informati 
and remember — You get the BEST 
in Service when you call 


General Offices, Export Office, Plant * 5610 So. Soto St.. Los Angeles 58 
LOS ANGELES + HOUSTON + OKLAHOMA CITY + LANE-WELLS CANADIAN CO IN CANADA + PETRO-TECH SERVICE CO. IN VENEZUELA 
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... any combination 
for any condition 


© CHAIN FEED OR HYDRAULIC 
PULLDOWN 


e MUD PUMP OR AIR COMPRESSOR 
OR BOTH 


@ ROTARY TABLE WITH OR WITH- | 
OUT SEMI-AUTOMATIC CHUCK 


© HIGH CAPACITY DRAW WORKS 
© RUGGED CHAIN CASE ASSEMBLY 
© STURDY MAST 


Whether you want to drill with mud, water, 
air, or gas... whether you prefer a chain or 
hydraulic pulldown . . . a model of the Joy 
“75” has the combination you need, within a 
rated capacity of 1250 feet. 

All models of the “75” have features found 
in heavy-duty drilling equipment. Engineers 
with oil-country backgrounds designed the 
“75” with points of stress made extra strong, 


Manufacturing and Service Facilities at 
6540 Hines Blvd., Dallas, Texas 


HOISTS AND ROCK DRILLS 


Consult 0. Joy 


for MOTORIZED DRILL RIGS, COMPRESSORS FOR 
AIR AND GAS DRILLING, GAS COMPRESSORS, 


PERV 


Prospecting with a Joy Model “75”, equipped with both air 
compressor and mud pump, in the Rocky Mountains. 


with extra capacity clutches, and with heavy- 
duty shafting and gearing. It’s the ideal drill 
for high production, low maintenance shot 
hole, water well, blasthole, and core drilling. 

For complete details, write Joy Manufacturing 
Company, Oliver Building, Pittsburgh 22, Pa. In 
Canada: Joy Manufacturing Company (Canada) 
Limited, Galt, Ontario. 

Write for Bulletin 36-29 


d OY 
i 


WORLD'S LARGEST MANUFACTURER 
OF CORE DRILLS AND MOTORIZED 
DRILL RIGS SINCE 1851 


4 | 
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National Statistics 
Show that... 


J out of every 


— 


drilled are dry! 


NORD 


| 


but that wildcat could be - 
tamed with well planned and 
carefully executed explora- 
tion services. This record 
could be bettered at least 

300% if adequate geological- 
geophysical information were 
obtained beforehand. For 
experience, and integrity in 
exploration call on the Republic 
Exploration Company. 


La _ A map of the U.S. showing major geological features 
; ; is now available to you. Write: Republic, Dept. B, 
a \ Box 2208, Tulsa, Okla. 
| REPUBLIC EXPLORATION COMPANY 
@ | =) TULSA, OKLAHOMA @ MIDLAND, TEXAS 
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Coutrol seismic 


with the 


HTL 


LOG LEVEL INDICATOR 


For an accurate on-the-spot deter- 
mination of true seismic “signal-to-noise” 
ratios . . . use the Houston Technical 
Laboratories Log Level Indicator. 

The LLI is a calibrated, voltage- 
measuring and voltage-indicating instru- 
ment—operative with, and a valuable 
supplement to, any standard seismic 
system. It records special PILOT TRACES 
on the seismograph record, with trace 
amplitude proportional to the logarithm 
of the input signal. Not to be confused 
with other indicating traces on some 
systems, the LLI operates completely 
independent of the AGc and amplifier 
characteristics—thus giving an accurate 
recording of the input voltage. 


USE THE LLI TO: 


® ascertain optimum arrangement in mul- 
tiple seismometer array and pattern 
hole techniques. 


® accurately measure trace unrest and 
ground noise level before and after 
the shot. 


® control proper dynamite charges, filter 
selection, and shot depths—avoid ex- 
perimenting and ‘‘over-shooting.” 


@ compare true energy levels from rec- To learn how the LLI can benefit you, 
ord-to-record as an aid to correlation. write for detailed information. Specify Bulletin 
No. S-302. 


AT A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
3701 BUFFALO SPEEDWAY * HOUSTON 6. TEXAS + CABLE: HOULAB 


HOUSTON TECHNICAL LABORATORIES 
! 

| 
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For twenty-four years, SEI has specialized in sub- INTERPRETATION 
surface studies of the domestic oil provinces ... from 
Canada to the Gulf. Numerous innovations in instru- 
mentation, interpretation, and field technique have 
cept SEI in the forefront. For example, in difficult 
areas, SEI has been a pioneer in the use of patterns 
of multiple shot holes and geophone arrays. 


Your 


ploration program is in capable hands at SEI. 


TECHNIQUE 


SEISMIC EXPLORATIONS INCORPORATED 
1017 SOUTH SHEPHERD @® HOUSTON, TEXAS 
Area Offices: Midland, Texas ® Shreveport, Louisiana * Oklahoma City, Oklahoma ® Billings, Montana 


Please mention GEOPHYsIcS when answering advertisers 
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SEISMIC 


FORT WORTH 


N HARRIS, PRESIDENT — 
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for airborne 
radioactivity 


Tracerlab, the world’s largest and | A typical aerial surveying unit ¥ 
foremost producer of nuclear equip- includes a sensitive scintillation de- 
ment, manufactures precision scintil- tector with an extra-large gamma 
lation detectors for either air- or crystal, a precision ratemeter modi- 
jeep-borne reconnaissance work. fied for fast response and having a 
These units, which are ideal for wide range of counting rates, a 
either oil or uranium prospecting, are recorder, a remote meter for use by the 
semi-custom installations consisting pilot, an alarm to signal high radia- 
of standard nuclear equipment tion areas, an invertor to supply 
adapted and repackaged for this necessary instrument voltage, and a 
application. Their design is based on 24” x 18” x 30” rack equipped with 
extensive experience in providing shock mounts. Other special acces- 
custom airborne radiation equipment sories such as wing tip mounted 
for special requirements. detectors are also available. 


For complete details, specifications and prices 
request BULLETIN PM-101 


ry 


WASHINGTON - PARIS 
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Oscilloscope 
for Geophysical Applications 


The Tektronix Type 315R Rack-Mounting 3” Oscilloscope has 
many features desirable for geophysical applications. Especially 
useful in this field are the wide sweep range, dc to 5 mc vertical 
response, time and amplitude calibration accuracy, and excellent 
linearity of this precision oscilloscope. 

One of the many applications for the Type 315R is with bore- 
hole radiation counting equipment of the pulse height discrimi- 
nation type, an innovation in nuclear well logging. 


MAJOR SPECIFICATIONS 


Vertical Response Triggering 
DC to 5 mc — 0.1 v/div to 100 v/div. Internal, external, line...ac or de coupled, and 
5 cycles to 5 mc — 0.01 v/div to 100 v/div. trigger-amplitude selection. 
12 calibrated steps from 0.01 v/div to 50 v/div, 9,25 usee Signal Delay 
accurate within 3%, 5 w Volt Calibrato 
Risetime — 0.07 usec. 
Electronic Voltage Regulation 
0.1 tees to 10 sec/div. Standard 19” Rack Mounting 
24 calibrated steps from 0.1 usec/div to 5 sec/div, Type 315R—50 to 60 cycle supply........ $795 
Type 315R-$1—50 to 800 cycle supply... .$810 


Accurate 5x magnifier. 


Prices f.o.b. Portland (Beaverton), Oregon. 


Tektronix, Inc. 


P. O. Box 831Y, Portland 7, Oregon 
Phone CYpress 2-2611 « TWX PD 265 « Cable TEKTRONIX 


Please call your Tektronix Field 
Engi or Rep tative for 
complete specifications .. . or 


write to: 


Please mention GropHysics when answering advertisers 
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LIBRARY 
EXPLORER 


Filbert was buried under a ton of detail 
—and every ounce of it urgent — when the 
boss stormed in with the old Poppy Field on 
his mind. There was a case history on that 
field . . . came out around 1932, he thought 
. . . find that paper, Filbert. And, Filbert, 
find it by five o'clock. Understand, Filbert? 


Filbert stared blankly into space. A dull 
film clouded his eyes. Surely, with luck, he 
would be dead in five minutes. But visions 
of his widowed wife and fatherless children 
pulled him to his feet and sent him trudging 
out the door... to the library. 


It would take all day. He'd be spending 
valuable time his company could hardly af- 
ford. And he'd be using all his exploration 
skill to locate that blessed paper — not to 
mention structures . . . Filbert stopped at a 
drug store and bought $4.00 worth of aspirin. 


SOCIETY OF 
EXPLORATION 
GEOPHYSICISTS 


BOX 1536 


TULSA, OKLA. be 


Had Filbert spent that $4.00* on the 
CUMULATIVE INDEX, he would have 
saved himself that headache and many, many 
more. The S.E.G. CUMULATIVE INDEX 
1931-1953 is a complete library on geophys- 
ical data at the tips of your fingers. Remember, 
a man is -as useful as the knowledge he 
possesses. The CUMULATIVE INDEX is 
knowledge on your desk! 


Gentlemen: 


Please send me the CUMULATIVE INDEX, 
1931-1953 


) enclose $4.00* for postpaid shipment. 
) Bill me, plus postage. 

) Bill my company, plus postage. 

NAME, 

COMPANY 
ADDRESS... 
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th NORTH AMERICAN 


Vader Mater Gravity Meter 


is unequaled for any under water survey because of its 
many operating advantages: 


@ ACCURACY 

@ DEPENDABILITY 

@ SIMPLE AUTOMATIC OPERATION 
@ MINIMUM PERSONNEL 

@ LESS COST PER STATION 


Manufacturers of Geophysical 
Equipment and Precision Apparatus \ 


3601 W. Alabama, MO 7-2461 
Houston 6, Texas 
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It is a known fact that geophysical instrumentation has 
advanced faster than geophysical interpretation. Due largely to 
the competitive efforts of specialized manufacturers, instru- 
mentation has made significant strides in the past ten years. 
Whereas, interpretation has not kept pace. 

Robert H. Ray Co. makes a concerted effort to remedy this 
inequity through progressive interpretive research. Men have 
been assigned to special projects devoted exclusively to such 
problems as velocities, migrations, and faults. Further, very 
close coordination with field parties is maintained at all times. 
Any interesting or peculiar interpretive problem encountered 
is referred directly to this research staff for review and study. 


Attaching the proper importance to all phases of geophysi- 
cal exploration — another reason why RHR remains high 
among the leaders! 


ROBERT H. RAY CO. 


2500 Bolsover Road CY Houston 5, Texas 
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HERCULES OFFSHORE 
BLASTING AGENT In 


Heavy-Gauge Steel Containers 


It has always been Hercules’ aim to provide its customers I" 

with the best in modern materials and technical know-how. 

We believe the development of heavy-gauge steel containers 

for Vibronite*-B—a nitro carbo nitrate blasting agent—is 

another example of how continuing evaluation of your 

needs results in means for improving the efficiency of your 

operations. 
Designed in the Hercules Research Center after careful 

study of actual offshore requirements, these new, improved 

steel containers meet all prospecting requirements included 

in reflection and refraction shooting. 
Hercules representatives welcome the opportunity to dis- V 

cuss with you how Vibronite-B packed in these modern 

containers can assist in your seismic work. 


Technical Data 
Vibronite-B is packed in distinctive, light blue containers of 
heavy-gauge steel to withstand transportation, handling, and 
storage conditions, and to prevent water and moisture penetra- 
tion. They have a density greater than salt water, which elimi- 
nates all possibility of floating charges. These completely new 
containers are also equipped with large bails and recessed ends 
to facilitate loading and unloading in the holds of boats, and 
to provide convenient handling by shooting crews. Hercules 
Vibronite-B is now available in five container sizes: 8 inches by 
50 pounds; 8 inches by 40 pounds; 514 inches by 25 pounds; 
4¥4 inches by 1624 pounds; and 44 inches by 10 pounds. 


HERCULES POWDER COMPANY 


Explosives Department, 917 King St., Wilmington 99, Del. 


HERCULES 


Birmingham, Ala.; Chicago, Ill.; Duluth, Minn.; Hazleton, Pa.; Joplin, Mo.; Los Angele 
Calif.; New York, N. Y.; Pittsburgh, Pa.; Salt Lake City, Utah; San Francisco, Cal 
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As the oldest exploration geophysical company 
in continuous operation and service, 

Petty has gained a wealth of experience 

that is being cashed in every day by our clients. 
Petty has always been a leader in developing new techniques 

and in building precise equipment designed for the specific job. 
Petty relies on loyal men, too — in the field, in the laboratory 
and in the interpretative offices. 

More than 42% of the key staff personnel have been 

with Petty for over half of its 31 years of service. 

It is this Petty combination of experience, equipment and loyalty 


that will open the door to your exploration success. 


Call PETTY and put this combination to work. 
GEOPHYSICAL 


ENGINEERING Co. 


SAN ANTONIO 5S, TEXAS 


District Offices: Houston, Tulsa, Casper, Billings, Lafayette, Odessa 
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ENGINEERED SEISMIC SURVEYS 


»lease mention GEOPHYsics when answering advertisers 
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THE SCHLUMBERGER LATEROLOG 
LOOKS AT THE FORMATIONS, 
ONE BY ONE. The focused current 
is beamed laterally into the formation, 
minimizing the effect of the bore hole 
and adjacent formations. As a result, 
the Laterolog gives you accurate 
formation detail when the mud is salty 
or when the formation resistance is high. 
Therefore, this important Schlumberger development 
gives you correct information under conditions 
that may have previously caused you to pass up 
production possibilities. Be sure on every survey. 


THE EYES OF THE OIL INDUSTRY $s Cc H L U M B E 4 G E R 


Well Surveying Corporation 
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TEX- TUBE 


SHO: HOLE CASING 


with the 
Exclusive 
Speed 

Coupler 


Strong, light-weight Tex-Tube with the 
exclusive Speed Coupler will solve your 
shot hole casing problems. Each length 
of Tex-Tube weighs only 20 pounds, 


dl a: 


and sp g 


making it easy to h 
up operations. With the Speed Coupler, 
make-up is fast and no collars are re- 
quired. Make-up completely engages the 


three threads in only two turns making 


a water tight connection strong enough 
to allow high pressure jetting. Field 
tests under every type of condition have 
proved Tex-Tube to be the best shot 


hole casing. 


"tale Dynamite Distributors, Inc. 
: Hattiesburg—JUniper 4-7256 
Co., Inc.) Houma—8227 
Mills, Wyo.—CAsper 2-7181 (TeTon Too! Co.) Jackson—6-6475 
Oklahoma City—JAckson 8-6740 (Deupree Dist. Co. Charles—HEmlock 3-3970 
Oklahoma City—JAcks 8-4886 (Grove Hardware Co.) Shreveport—5-2502 
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Unexcelled in the combined 
beauty of leaves and flowers, 
occurring naturally in rich 
moist soil on the borders 
of river swamps and 
nearby uplands in the 
Coastal Plain. 


SPECIALIZED FOR THE GULF COAST 


Reliable’s background of experience in geophysical sur- 
veys on the Gulf Coast ranks the company as a specialist 
in the area. This experience gives Reliable crews the 
knowledge to interpret your surveys with accuracy and 
precision. Accurate 32 or 48 trace dual seismograms are 
used by all Reliable crews. The next time you are plan- 
ning to explore the Texas Gulf Coast, call Reliable for a 


crew that is specialized for geophysical work in the area. 


RELIABLE GEOPHY SI 


COMPANY 


Perry R. Love B. D. Farrow 
P.O. Box 450 Yoakum, Texas 
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for profitable exploration drilling .. . 


The RIG that GIVES SERVICE 
instead of GETS SERVICE! 


A rig that’s down for repairs is not 
producing, it’s eating up profits. 


gives service instead of needing service. 


That’s why, too, the FAILING 1500 
Combination Holemaster is the world’s 
That’s why the FAILING 1500 Combi- most profitable portable rig to own. It 
nation Holemaster is the world’s most does the job faster with less maintenance 
popular portable rig — it’s the rig that cost than any comparable portable drill. 


FAILING 
1500 

HOLEMASTER 

air or fluid combination drill \. 

@Takes core samples wet or dry. \ 3 \ \ 

@Simplified, grouped controls. 


®Drawworks unitized with drillhead. 
@Air compressor, LeRoi model 50-S1, / | 


complete with piping and receiver . 
tank. 


Available in three models with different 
power and drive arrangements. 


GEORGE E. COMPANY 


A SUBSIDIARY OF 
WESTINGHOUSE AIR BRAKE COMPANY 
ENID, OKLAHOMA, U.S.A 
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BAT 


+ FOR you 


Whether you make a home run or strike out may be 
determined by your batting experience. You are 
assured of accurate and dependable interpretations 
when you use GRAVITY SURVEYS. They are 
based on the proper application of the latest scien- 
tific methods. 


Call, wire or write for prompt, 


accurate geophysical surveys. 


E. V. McCOLLUM CRAIG FERRIS 


515 Thompson Bldg. Ph. CHerry 2-3149 


TULSA, OKLAHOMA 
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Not all vapor trails are made by bombers. 
Fairchild survey crews often fly at altitudes 
that leave their mark in the sky. 


Why fly so high? The cost of compila- 
tion in aerial map making is a function 
of the number of photographs. Also, 
more area can be covered per hour, thus 
reducing flying time. This is important 
when fighting bad weather, and also 
results in great savings in time and 
money. 

But precision, high-altitude aerial 
mapping demands more than high fly- 
ing airplanes. Special precision camera 
equipment, and highly developed pilot 
and cameraman techniques are also 
vital. And the most important ingredi- 
ent— experience — nearly 40 years of it, 
goes into every Fairchild survey. 

Reliable Fairchild consultation on 
your mapping problems is available to 
you—anytime and without obligation. 
Call your nearest Fairchild office. 


The pioneer in high 


altitude aerial mapping CH/ LD 


AERIAL SURVEYS, INC. 


Los Angeles, Calif.: 224 East Eleventh St. * New York City, N.Y.: 30 Rockefeller Plaza * Chicago, IIlinois.: 111 
West Washington St. « Atlanta, Georgia: 333 Candler Bldg. * Long Island City, N.Y.: 21-21 Forty-First Ave. 
Boston, Mass.: New England Survey Service, Inc., 51 Cornhill « Seattle, Wash.: Carl M. Berry, Box 38, Boeing Field 
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the greatest 


geophysics use 


Instruments 


FOR AIRBORNE, SURFACE AND 
SUBSURFACE EXPLORATION 


AERO SERVICE CORPORATION, PHILADELPHIA AERO SERVICE CORPORATION (MID-CONTINENT) PETTY GEOPHYSICAL ENGINEERING CO. 
NITED STATES ATOMIC ENERGY COMMISSION MINISTRY OF AGRICULTURE (MONTES Y MINAS) CUBA COLORADO INTERSTATE GAS CO) 

BEAR CREEK MINING CO. KENNECOTT COPPER CORPORATION BELL AIRCRAFT CORP. HUMBLE OIL & REFINING CO. DOW CHEMICAL CO, 
RARE METALS CORPORATION OF AMERICA (EL PASO NATURAL GAS) 

UNIVERSITY OF COLORADO FROST GEOPHYSICAL CORPORATION) 


VITRO CORP. l=kH 


E. J. LONG- 
YEAR CO. 
ELMERICH & PAYNE, INC. SHELL OIL 
EST TEXAS UTILITIES CO. COMPANY eauuene 
HERMES AERIAL EXPLORATION CO., INC. SUSCEPTIBILITY METERS 
NITED STATES BUREAU OF RECLAMATION AMERICAN SMELTING & REFINING CO 
OLUMBIA-GENEVA STEEL DIVISION UNITED STATES STEEL CORPORATION GULF RESEARCH & DEVELOPMENT CO. SHELL DEVELOPMENT CO 
UNITED STATES GEOLOGICAL SURVEY BELL EXPLORATION AND DEVELOPMENT CO 
NATIONAL COLORADO SCHOOL OF MINES 
LEAD CO. FAIRCHILD AERIAL SURVEYS, INC. 
SCINTILLATION 
SAMEDAN SPECTROMETERS TEXAS GULF SULPHUR CO., INC 
OlL CORP. TEXAS RARE MINERALS CO., LTD. 
KENWOOD SCOTT PETTY MINING COMPANY 
Oil COMPA NORTHERN PACIFIC RAILWAY C 
BALMACO PHILLIPS PETROLEUM COMPANY 


EVENTS/MIN 


FLUORIMETRIC 
URANIUM ASSAY Oll COMPA LUNDBERG EXPLORATIONS LTD. 
EQUIPMENT JACKPOT JENKINS & HAND, GEOLOGISTS 


Ol COMPA TIDEWATER ASSOCIATED CO 
SINCLAIR RESEARCH LABORATORIES, INC. IDEAL CEMENT COMP GEORGE E. FAILING COMPANY 
ADDIS MINING CO. WATER RESOURCES AND DEVELOPMENT CORP. GEOLOGICAL CONSULTANTS LTD 
ONSOLIDATED RENWICK URANIUM MINES LIMITED GEOTEX CORP. (EASTMAN INTERNATIONAL CO.) WESTERN AERIAL EXPLORATION CO 
ULF MINERALS CO. UNION OIL CO. OF CALIF. GEOPHYSICAL RESEARCH DIRECTORATE; AIR FORCE CAMBRIDGE RESEARCH CENTER 
ND COLORADO URANIUM CORP. NEW JERSEY ZINC-SHATTUCK DENN-TEXAS CO. MINERALS EXPLORATION RESEARCH CO 


M S MOUNT SOPRIS INSTRUMENT CORPORATION 


Instrument Builders to America’s leading exploration firms 


1320 PEARL ST. ¢ PHONE HILLCREST 2-4491 © BOULDER, COLO. 


CONSULTING ENGINEERING AND MANUFACTURING SERVICE AT THE FACTORY 
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SELF-BALANCING PRINCIPLE 


No adjustment or geting required. No 
time lag. 


ECONOMY 


RANGES; 
Time_ and money are saved because GE MINUS 1000 TO 3000 FEET 
modern altimetry methods eliminate ag a MINUS 1000 TO 6 
lines of sight. Small original invest- 000 FEET 
ment is rapidly recovered. / fi MINUS 1000 TO 15000 FEET 


Write today for i WALLACE & TIERNAN 


additional information PRECISION 
Walloce & Lid. Box 54, Toronto 13 
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Unit 


Transducer 


The basic DISC design in seismic magnetic 
recorders, developed by Houston Technical 
Laboratories, has proved its operational 
superiority in every exacting seismic con- 
dition, terrain, and technique. 

Now a seasoned veteran, the magneDISC 
has set unprecedented production records 
and contributed substantially to oil finding 
economy throughout the world. With its 
greater capacity for recording, storing, and 


magneDISCS are available on either 
purchase basis. Write for Technical Bulletin No. S-307. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
HOUSTON 6. TEXAS * CABLE: HOULAB 


AN 


6465 3701 BUFFALO SPEEDWAY «+ 


reading back of usable seismic data, its 
unsurpassed response characteristics and 
accuracy, its low maintenance and oper- 
ating simplicity . .. the magneDISC is 
the most practical seismic data gathering 
instrumentation ever devised. This disc-type 
magnetic recorder further fulfills every 
requirement for use with automatic com- 
putation techniques ... is an important 
component in HTL’s completely integrated 
data reduction and analysis system. 


a lease or 


*Trademark application applied for. 
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The 1X men who supervise your seismic surveys average 
almost 20 years experience in the business. 


Experience 


The personnel of Independent Exploration Company has packed 

more than 1,559 man years of experience into the company’s 
quarter century of service to the oil industry. That's why Independent 
Exploration Company can offer you the tops in fast, accurate, informative 
geophysical surveys. Next time call in LX for a better job. 


(“Independent Exploration Company 


1973 West Gray, Houston, Texas 
39 Victoria St., London, SW 1, England COp. Wweys 


208 Dominion Bank Building, 
8th Ave. & Ist St. East, Calgary, Alberta, Canada 


OVER 1,559 MAN YEARS OF EXPERIENCE 


ofp 
BEG Th; 


The Technical Instrument Company 
621 Amplifier features the most modern 
design in the seismic field. It provides 
the maximum in selectivity, sensitivity, 
and range to make possible the map- 
ping of extremely difficult areas with a 
high degree of accuracy. 


Among its features are: Wide band frequency response, total 
distortion of less than 1%, choice of one or two each five position 
low cut and high cut filters, AGC range of one-half microvolt to 
one volt input, independently adjustable attack and release time 
constants, three types of gain control (AGC, Expander, or both), 
by-passed first breaks. 


The standard 621 Amplifier system, as shown, consists of 24 channels of 
amplification, control panel, and six-inch camera. The packaging of this 
system is of fabricated anodized aluminum construction with stainless steel 
cover. Dimensions are 361%” width x 13Ve” depth x 19” height. This system 
is also available with cameras handling paper widths of 6, 8, 10 or 12 inches, 
or packaged in units for portable operations. 


_nstrument 
Division of Brush Electronics Co. 


3732 WESTHEIMER HOUSTON, TEXAS 


i Tl 6 ‘ 
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SPECIALIZED EQUIPMENT 


Part Of program conducted by 


GEOPHYSICAL ASSOCIATES 


production . .. keeping cost-per-profile down. Each 

new prospect is carefully examined to determine ter- 
rain problems in advance. Drawing on Geophysical Associates’ 
wide range of highway and off-road equipment, the supervisor 
and party chief make certain the crew is ready for continuous 
production from the day the program begins. 

Light weight modern instruments insure optimum record 
quality regardless of terrain and transport problems. One 
example ... Geophysical Associates’ Canadian muskeg crews 
regularly achieve monthly production records in summer or 
winter equal to those made in fast-moving, along-the-road 


G eophysical Associates field parties are equipped for high 


operations. 
Geophysical Associates’ attention to specialized equipment 
requirements lowers unit costs . . . increases production, and 


saves travel time to focus attention on producing the best 
possible profile at each shot point ... helping to maintain 
the highest professional standards in every part of your 

exploration program. 


HOUSTON, LAFAYETTE, _ 
BILLINGS, CALGARY, 
EDMONTON 
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CLARK BROS. CO., Olean, New 
York—Gas turbines, engines, and 
reciprocating, centrifugal and 
axial flow compressors — gas, 

jectric and diesel driven. 


DRESSER 


MANUFACTURING 
DIVISION 


IDECO, Dallas, Tex.—Hydrair* and 


DRESSER-IDECO COMPANY, 
Columbus, Ohio — Radio and 
television ‘broadcasting towers, 
steel buildings, aircraft hangars, 
mechanical parking garages, 
electric power substations. 


DRESSER MANUFACTURING 
DIVISION, Bradford, Pa. — Pipe 
= couplings, pipe repair sleeves 

and clamps, weldments, forgings, 
welding fittings, flanges, rings. 


Power Rigs; Full-View* Masts; 
Substructures; Single, Dual and 
Drive-in Rambler Rigs; Blocks, 
Swivels, Rotaries; Mud Pumps; 
Petroleum Equipment and Supplies. 


Magcobay. 


MAGNET COVE BARIUM 

and Magcogel* drilling muds 
and other specialized oi! well 
drilling fluids and chemicals. 


PACIFIC PUMPS, INC., Hunt- 
ington Park, Calif. — Centrifugal 
pumps for refineries, power sta- 
tions, pipelines, and chemical 
plants; plunger pumps for oilwells. 


ROOTS-CONNERSVILLE BLOWER 
DIVISION, Connersville, ind.— 
Rotary positive blowers, gas pumps, 
centrifugal blowers, exhausters, vac- 
uum pumps, inert gas oe 
and positive displacement meters. 


SECURITY ENGINEERING DIVISION, 
Dalias, Tex., Whittier, Calif. — Rock 
bits, reamer rock bits and hole 
Openers; reamers, casing scrapers 
and Neo-Red rubber stabilizers. 


electronic eyes and ears for industry 


SIE — world’s largest manufacturer of ex- 
ploration seismograph equipment — serves 
as headquarters laboratory for the petro- 
leum industry’s geophysical organizations. 
Hundreds of SIE seismic systems are used 
by major oil companies and geophysical 
contractors to seek oil-bearing underground 
strata — a world-wide record of acceptance 
unmatched by any other company. 


Southwestern Industrial Electronics has 


developed highly advanced electronic and 
electro-mechanical instrumentation for in- 
dustrial automation, electronic computing 
instruments for measuring fluid and gas 
flow, data reduction equipment, and a 
wide range of electronic laboratory testing 
and recording instruments. Many SIE de- 
velopments in electronics and automation 
are widely used in production and process- 
ing applications in many industries. 


LANE)WELLS 


LANE-WELLS CO., Los Angles, 
Calif., Houston, Tex., Oklahoma 
City, Okla.—Electric and Radio- 
activity Well Logging, Koneshot* 
perforating and bullet perforat- 
ing, packers and bridging plugs. 


SIE 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS, Houston, Tex.—Seis- 
mograph systems and instruments— 
electronic, electro-mechanical. Com- 
puters—analog and digital ; recording 
systems. Special transformers, reactors. 


* Trademark registered 


to the 
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7 

SIE The newest addition to the Dresser plus =< family of 
independent — and integrated —companies is SIE... Southwestern 
Industrial Electronics. The many SIE seismic systems in operation today 
have made significant contributions to the petroleum industry’s remark- 
able record of finding new reserves of oil and gas. Coupled with this, 
SIE’s recent developments in the new field of automation provide an 
equally important contribution to industry in general. 


As geophysical activity has increased and become more 
effective, SIE has paced the industry by developing new equipment 
and methods. Today SIE seismic systems, magnetic recording systems, 
geophones, recording oscillographs, precision galvanometers, radios and 
other electronic instruments are serving the oil industry in every major 
field in the world. SIE adds electronic instrumentation to the broad 
application of Dresser plus & equipment and services. 


The unique teamwork offered by Dresser companies covers 
every phase of the oil, gas, chemical and electronic industries . . . and 
combines to make the Dresser plus a symbol of superior products and 
services that are the standard of comparison throughout the world. 


WISTRIES, —— 


Olt + GAS 
INDUSTRIAL EQUIPMENT 


TECHNICAL SERVICES ~—S 


~ 


REPUBLIC NATIONAL BANK BUILDING e POST OFFICE BOX 718 © DALLAS 21, TEXAS 
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NEW Pont Writ 
Meets every field 


MOISTURE-PROOF PROTECTION—Sceismo-Writ, sealed in waterproof 
polyethylene bag, is now packed in a new convenient canister. 


CONVENIENT SHIPPING—Canister is easily resealed for storage or 
mailing of records. Space is provided on the can for addressing 
package for mailing. 


CONTAINER FLOATS—If accidentally dropped into water, records 
and papers are safe. And the bright red can makes for easy spotting 
and quick pickup. 
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NEW 
requirement 


There’s a NEW Seismo-Writ in the package... 
Faster than ever before, new Seismo-Writ will 
give you clear, clean records every time 


s important as is this new Seismo-Writ canister, the real 
story lies in the paper itself. New Seismo-Writ is 50% 
faster than before. With this new high-speed paper, you'll get 
clear, sharp records of every shot; even the slightest “kicks” 
show up as dense, black traces on a clean, white background. 
You can use lower lamp voltages with new Seismo-Writ. 
And with lower lamp voltages, you get longer lamp life, too, 
. .. fewer shots lost because of bulb failure. 

Speed isn’t all that’s been improved with new Seismo-Writ. 
It develops faster, too . . . 15 to 20 seconds does it. Crews can 
pick up and move to the next shot quickly. 

New Seismo-Writ is rugged. Whether you’re shooting off- 
shore, deep in the bayous, or out in rough country, you'll get 
clear, uniform records. Even “‘sweep”’ traces and timing lines 
stand out against a clean, white background. 

New Seismo-Writ is available in two types—durable, stand- 
ard weight Type B, and extra-thin, translucent Type W, an 
all-rag paper with extremely high wet and dry strength. 


Want more information about Seismo-Writ? Just send us the 
coupon below for a free, fact-filled booklet. 


DU PONT 
SEISMIC PRODUCTS 


BETTER THINGS FOR BETTER LIVING Street 


\ E. I. du Pont de Nemours & Co. (Inc.) 
Photo Products Department 
N2420-17, Wilmington 98, Delaware 


(J Please send me a free booklet about new Du Pont 
Seismo-Writ and Du Pont processing chemicals. 


Firm 


. . THROUGH CHEMISTRY 
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_in the development 


and the application of ad a e@eeeploration techniques 
must be discovered. 


SEISMIC AND GRAVITY SURVEYS — PILG : E AC — CONTINUOUS VELOCITY LOGGING 


Seismograph Service Corporation TSA, OMAHOMA, U.S.A 


SSC of Cenade * SSC of Colombia SSC of 
WORLD-WIDE SUBSIDIARIES Maxico * SSC of Venezuela * SSC (Overseas) 


4 
: 4 
Today, as during the past 
SSC continues pace 
j } 
SSC (International) * Sesmograph Service 
folie Compagnie Francoise de Prov 
pechon 
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GSI macnetic RECORDING 
for high-production seismic work 


B. J. White, of GSI Offshore Party 307, faces an imposing 
array of electronic equipment. As an observer, White must 
work rapidly, for there is little time between shots on this 
high-production marine seismic party. But with broad-band 
magnetic recording, White is assured of obtaining all data 
needed for a precision seismic picture of the prospect. 


Although the technique of magnetic recording is relatively 
new, GSI has already gained more than 220 crew-months 
of magnetic recording experience, and currently has 
22 magnetic recording units at work on field parties 
throughout the world. 


GSI magnetic recording puts your company ahead in tomor- 
row’s as well as today’s exploration... the records you shoot 
today can be re-checked and filtered to provide information 
not available from a single paper record ... and your records 
are stored in a medium which will allow future study and 
te-interpretation with new concepts and automatic com- 
puting processes. 

Write for Bulletin 56-1, describing GSI’s facilities 
for conducting world-wide seismic and gravity- 
magnetic surveys. 


Geopuysicat Service Inc. 


LEMMON AVENUE 


DALLAS 9 TEXAS 


A World of Experience in Finding a World of Oil 
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